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PREFACE  TO  THIRD  EDITION. 


This  edition  contains  about  seventy-six  more  pages  than  the 
second.  Several  old  cuts  have  been  removed.  Twenty-five  more  cuts 
have  also  been  inserted.  The  eliapters  upon  Blood,  Circulation,  and 
Metabolism  have  been  entirely  rewritten.  Respiration  and  Glands 
with  an  internal  secretion  have  been  revised  to  a  considerable  extent. 
Many  facts  in  Applied  Physiology  and  Therapeutics  have  been  inserted 
for  the  benefit  of  the  practitioner.  The  difficult  things  in  Physiology 
have  been  made  plain  to  the  student.  Discordant  and  hypothetical 
discussions  have  been  avoided,  which  saves  time  for  the  reader.  The 
theory  usually  accepted  has  been  given.  The  greatest  number  of  facts 
ha:»  l)een  expressed  with  the  smallest  number  of  words,  for  Physiology 
ip  a  positive  science.  I  have  not  given  any  physiological  technique,  as 
it  is  in  the  laboratorv  and  not  in  the  text-book  that  the  student  should 

ft 

learn  it.     Mv  thanks  are  due  to  Dr.  John  C  Scott,  Demonstrator  of 

Physiolog}',  for  the  re-paging  of  the  index. 

Isaac    Ott. 
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PREFACE  TO  THE  SECOND  EDITION, 


The  secoiul  edition  of  this  book  lias  l)een  enlarged  by  the  addi- 
tion of  two  hundred  and  forty  pages.  Considerable  new  matter  has 
been  inserted,  for  Physiolog}-  is  a  science  undergoing  continuous 
development. 

The  subject  of  electro-physiology  has  been  treated  more  com- 
prehensively than  in  the  first  edition.  The  article  ujK)n  the  sympa- 
thetic system  has  bet»n  nearly  entirely  re-written.  The  latest  acqui- 
sitions in  this  direction  have  been  incorporate<L  The  chapter  on 
Vision  has  been  entirely  recast.  In  fact,  nearly  every  page  has  been 
subjected  to  alterations  and  emendations.  The  work  upon  peristalsis 
of  intestines  in  the  Medico-Chirurgical  laboratory  has  been  incorjwr- 
ated.  Over  two  hundred  and  fifty  additional  figures,  many  of  them 
entirely  original,  have  been  included  in  this  e<lition. 

In  the  chapter  on  Reproduction,  the  first  eleven  ])ages  and  the 
part  headed  "Evolution"  have  been  contributed  by  Dr.  P.  Fischelis. 
Demonstrator  of  Histology'  and  Embryology',  Medico-Chirurgical 
College. 

My  cordial  thanks  are  due  to  Dr.  E.  T.  liehrig  for  the  com- 
plete index. 

Isaac  Ott. 
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CHAPTER  I. 

THE  CELL. 

Observation  and  experience  tell  us  that  all  tangible  or  material 
things  about  us  are  either  dead  or  alive ;  that  is,  matter  is  either  life- 
less or  living. 

The  conception  of  life  in  its  simplicity  is  limited  to  a  few  ele- 
mentary phenomena,  such  as  nutrition,  evolution,  reproduction,  sen- 
sibility, and  motion.  These  properties  taken  together  distinguish  the 
living  from  every  form  of  lifeless  substance.  Combinations  of  these 
simple,  elementary  phenomena  give  us  every  complex  function  of 
our  present  life.  If  the  study  of  life  is  the  study  of  these  elemen- 
tary phenomena,  it  is  necessary  that  our  working  force  be  brought 
to  their  seat  and  home — the  cell. 

Ever\"where  there  is  a  sharp  line  or  division  between  living  and 
lifeless  matter,  although  the  two  are  frequently  so  closely  allied  that 
first  observations  seem  to  show  no  distinctions.  This  is  particularly 
true  of  those  things  that  are  not  seen  with  the  naked  eye — micro- 
scopical things.  When  one's  attention  is  brought  to  such  objects 
as  quartz,  iron,  the  earthworm,  or  the  dog,  the  distinction  is  very 
evident.  On  the  other  hand,  long  and  tireless  observation  and  inves- 
tigation are  required  to  determine  whether  some  of  the  bodies  found 
in  water  are  dead  or  alive.  And  although  so  closely  associated, 
scientists  have  found  that  a  living  substance  never  comes  of  its  own 
accord  from  a  lifeless  one,  but  only  through  the  influence  of  some 
other  living  matter.  For  example,  no  vegetation  springs  up  from  the 
soil  until  the  seed  (a  form  of  dormant  life)  becomes  buried  in  it;  no 
colony  appears  for  the  bacteriologist  on  the  sterilized  medium  until 
the  surface  is  impregnated  with  the  germ. 

Although  the  sharp  distinction  exists,  nevertheless  the  two  mate- 
rials are  ver\'  closely  associated,  as  is  shown  by  a  little  observation. 
Plants  and  animals  are  kept  alive  and  nourished  by  the  food  they 
consume,  and  it  consists,  in  the  main,  of  lifeless  matter.  While  in 
the  body  it  seems  to  be  transformed,  as  it  were,  to  a  living  state,  and 
it  forms  part  of  the  body.  After  it  has  served  the  needs  of  the 
economy  of  the  plant  or  animal  it  dies,  and  is  gotten  rid  of  as  waste- 
matter. 

(1) 
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A  living  plant  or  animal  is  like  a  fountain  into  which  and  out 
of  which  material  is  constantly  passing,  but  the  fountain  maintains 
its  form  and  general  appearance.  Huxley's  simile  of  a  whirlpool  in 
a  stream  is  very  striking.  The  pool  remains  the  same  in  the  stream, 
but  water  enters  it,  becomes  a  part  of  it  as  it  is  whirled  around, 
then  passes  out  and  gives  place  for  other  to  enter.  The  pool  retains 
its  identity  all  the  while  that  its  elements  are  being  changed. 

The  contrast  between  living  and  lifeless  matter  forms  the  basis 
of  the  separation  of  the  natural  sciences  into  two  divisions:  the 
biological  and  physical  divisions,  biology  dealing  with  living  and 
physics  with  lifeless  matter. 

Biology  is  the  science  that  treats  of  living  things,  whether  ani- 
mal or  vegetable,  normal  or  abnormal.  It  deals  with  the  forms, 
structures,  and  origin,  together  with  the  functions  and  activities 
of  the  whole  animal  or  plant  or  its  various  parts.  In  fact,  its  scope 
is  so  wide  and  comprehensive  that  it  becomes  necessary  to  divide 
it  into  two  branches:    morphology  and  physiology. 

Morphology  is  that  part  of  the  science  that  deals  with  the  form 
and  structure  of  living  things,  together  with  their  arrangements. 

Physiology  is  the  science  that  treats  of  the  functions,  or  work, 
of  the  various  parts  of  the  living  organism,  and  what  each  one  does 
toward  the  economy  of  the  whole.  For  instance,  the  study  of  the 
form,  growth,  and  development  of  the  different  parts  of  the  brain, 
beginning  with  the  lamper-eel,  then  the  higher  fishes,  birds,  and 
mammals,  belongs  to  the  science  of  morphology.  By  comparisons  we 
see  that  in  the  lam  per  there  is  merely  the  semblance  of  a  brain  in  its 
crudest  form,  showing  no  development  as  compared  with  the  brain  of 
the  higher  fishes  and  birds.  In  the  latter  we  notice  a  stronger 
development  in  one  department — the  optic  lobes.  The  cerebral  por- 
tion is  very  weak.  In  mammals  the  reverse  is  true,  and  it  reaches  its 
most  striking  size  in  man,  in  whom  the  cerebral  portions  are  extremely 
large  and  well  developed,  while  the  optic  lobes  are  relatively  small. 

The  study  of  the  functions,  for  instance,  of  the  heart  and  kid- 
neys belongs  to  the  science  of  physiology;  which  tells  how  the  heart 
by  its  alternate  contractions  and  relaxations  forces  the  blood  through 
the  circulatory  system  to  the  peripheral  parts  of  the  body  for  its  sus- 
tenance and  nutrition  and  to  the  lungs  for  its  purification  by  the 
elimination  of  the  carbonic  acid  and  the  absorption  of  the  oxygen; 
and  how  the  kidnevs  by  means  of  their  mass  of  tubes  and  cells  take 
from  the  blood  those  parts  that  are  no  longer  of  any  use,  fit  only 
to  bo  expelled  from  the  body.     When  physiology  is  applied  to  man, 
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it  is  called  human  physiology,  for  tlie  great  and  ultimate  end  and  aim 
of  all  physiological  studies  is  the  understanding  of  the  fimctions  of 
ourselves.  Morphology  and  physiology  are  treated  as  though  they 
were  absolutely  distinct  sciences,  yet  they  are  so  closely  related  that 
the  division  is  made  only  for  convenience. 

Morphology  includes  in  its  category  such  subdivisions  as  anat- 
omy,  histology,  and  embryology. 

Anatomy  is  the  science  that  treats  of  the  situation,  form,  and 
structure  of  the  various  parts  of  the  organism.  Anatomy  from  its 
root  keeps  in  mind  the  idea  of  cutting  or  dissecting,  and  as  com- 
monly used  at  the  present  time  deals  with  the  grosser  work  done 
upon  the  more  common  and  apparent  structures  of  the  body  with 
scalpel  and  forceps.  When  we  describe  in  all  their  detail  the  different 
organs  of  the  body  and  the  position  of  the  organs  to  one  another,  we 
call  it  descriptive  anatomy. 

Contrasted  with  anatomy  is  histology,  sometimes  called  micro- 
scopical anatomy.  Histology  is  the  science  that  deals  with  the  inti- 
mate structure  of  the  various  tissues  of  an  organism.  It  takes  up 
the  work  where  anatomy  ends ;  as  it  brings  to  its  aid  the  microscope, 
it  can  delve  down  deeper  and  deeper  until  it  gives  us  knowledge  of 
the  component  parts  of  the  various  organs.  Histology  is  a  tissue- 
study.  Its  separation  from  anatomy  is  only  for  convenience,  and  is 
not  absolute. 

Embryology  is  the  science  of  the  development  of  the  adult  from 
the  ovum  or  germ.  It  gives  a  history  of  the  various  stages  of  develop- 
ment from  the  moment  of  impregnation  of  the  ovum,  until  the  adult 
is  reached.  Its  field  is  more  closely  associated  witli  morphology 
than  physiology. 

Living  things  are  usually  found  in  separate  masses  and  these 
have  peculiarities  and  structures  of  their  own  which  give  to  them 
the  name  "organisms.'^  This  is  true  equally  of  the  large  masses, 
such  as  the  elephant  or  whale,  as  of  the  small  bodies  found  in  water 
or  the  bacteria  of  disease.  All  the  structures  of  the  latter  have  as 
yet  not  been  discovered  nor  dissected,  as  it  were,  since  the  microscope 
is  not  powerful  enough  and  our  supply  of  reagents  not  adequate 
enough  to  lay  bare  all  of  their  properties  and  forms. 

When  we  examine  some  of  the  contrivances  found  in  the  mechan- 
ical world,  such  as  a  watch  or  a  machine,  they  at  first  sight  appear 
to  us,  as  regards  their  identity,  single  individual  units;  that  is,  as 
one  watch  or  as  one  machine,  each  capable  of  doing  its  own  peculiar 
work.     Upon    closer   investigation,   we   perceive   that   each    is   com- 
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posed  of  a  variety  of  individual  parts,  each  of  which  has  its  own 
peculiar  share  of  the  work  to  be  done  and  bears  an  essential  relation 
to  the  working  of  the  whole.  In  the  watch,  the  springs,  pinions, 
levers,  and  numerous  little  wheels  all  bear  certain  relations  to  one 
another  and  assist  in  the  running  of  the  watch. 

Similarly  we  find  that  it  is  characteristic  of  any  living  body  or 
organism — say,  a  dog  or  a  rose — that  it  should  be  made  up  of  a 
number  of  different  and  distinct  parts  which  are  so  constructed  that 
they  may  assist  in  the  life  of  the  whole  organism.  The  animal  has  a 
head,  a  trunk,  limbs,  eyes,  ears,  etc.,  externally;  heart,  lungs,  liver, 
stomach,  intestines,  brain,  etc.,  internally.  To  these  parts  the  name 
organs  has  been  applied.  Thus,  the  organism  is  composed  of  distinct 
parts  called  organs.  The  division  of  the  body  into  organs  is 
purely  artificial. 

An  organ  is  a  particular  part  of  the  organism  that  has  a  certain 
specified  work  to  do.  For  example,  the  liver  is  a  certain  structure 
found  in  a  particular  situation  in  the  animal  and  has  assigned  as  its 
share  of  the  work  of  the  general  economy,  the  manufacture  of  the 
bile  to  aid  digestion.  So,  also,  the  eye  and  the  stomach  are  organs. 
They  are  particular  parts  of  the  organism  concerned  in  particular 
work;  the  eye,  in  sight,  or  vision;  the  stomach,  in  digestion. 

The  work  that  any  organ  does  is  called  its  function.  Since  the 
appearance  and  structure  of  the  various  organs  of  a  living  body  are  so 
varied,  therefore  we  do  not  expect  that  their  functions  are  any  more 
the  same  than  the  functions  of  the  watch  and  locomotive.  Thus,  the 
function  of  the  heart  is  to  pump  the  blood  to  all  parts  of  the  body; 
of  the  blood,  to  carry  nutritious  foods  to  all  parts,  and  at  the  same 
time  to  carry  away  certain  waste-products ;  of  the  kidneys,  to  excrete 
waste-matters  from  the  blood;  of  the  brain,  to  have  a  general  over- 
sight and  to  govern  the  functions  of  the  whole  organism,  etc. 

Anatomy  is  the  forerunner  of  physiolog}'  and  must  pave  the  way 
for  it.  For  how  are  we  to  study  the  functions  of  the  various  organs 
and  their  relations  to  one  another,  unless  we  are  acquainted  with  the 
structure,  form,  and  position  in  the  body  of  the  various  organs? 
Even  while  studying  physiology,  anatomy  must  run  hand  in  hand 
with  it,  particularly  that  modified  form  of  anatomy — ^histology,  or 
microscopical  anatomy — ^which  deals  with  the  minute  structures  and 
their  components — the  cells. 

We  have  learned  that  the  various  portions  of  the  living  body  are 
called  organs.  As  we  know,  each  organ  has  its  own  particular  work 
to  do.    By  careful  dissection,  we  find  that  an  organ — a  human  arm. 
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for  instance — ^is  made  up  of  a  variety  of  substances  called  tissues. 
There  are  bone-tissues,  cartilaginous  tissues,  muscle-tissues,  neinre- 
tissues,  etc.,  all  different  in  structure,  yet  all  bundled  up  in  the  mem- 
ber called  the  arm  and  essential  to  it  to  perform  its  various  functions. 
The  brain  is  composed  of  two  distinct  tissues — ^the  gray  and  white 
tissues.  So,  in  like  manner,  any  of  the  organs  of  the  body  may  be 
resolved  into  various  parts  known  as  tissues. 

Thus  far  anatomy  has  aided  us  in  our  analysis  of  the  various 
parts  of  the  body,  for  it  has  to  deal  with  only  the  grosser,  coarser, 
and  more  obvious  forms  of  the  body.  So,  for  a  long  time,  physiology 
was  the  study  of  those  large  and  more  evident  organs.  Physiology 
could  not  go  further  until  it  had  more  exact  and  intimate  knowledge 
of  the  organs.  How  can  we  gain  correct  knowledge  of  the  working 
of  anv  machine  unless  we  first  know  and  understand  the  construe- 
tion  of  the  parts  of  the  machine? 

Chemistrj'  and  physics  teach  us  that  matter  is  made  up  of  simple 
forms,  called  elements  and  molecules,  respectively.  It  is  assumed 
that  the  units,  ultimately,  of  these  elements  and  molecules  are  definite, 
though  exceedingly  small,  material  particles.  These  particles  are 
called  atoms — the  word  meaning  that  the  particles  are  unable  to 
be  divided  without  losing  their  identity.  The  atom  of  the  chemist 
and  the  cell  of  the  physiologist  are  the  final  divisions  of  matter.  In 
the  physical  world  it  was  found  that  all  phenomena  were  due  to  the 
movements  of  these  small  particles — the  atoms. 

The  fact  that  animals  and  plants,  although  very  different  ex- 
ternally, are  made  up  of  the  same  anatomical  units  was  not  brought 
to  light  until  the  invention  of  the  microscope.  These  structural  units 
were  called  cells.  The  theory  that  organisms  were  made  up  of  cells 
was  suggested  by  the  study  of  plant-structure.  At  the  end  of  the 
seventeenth  century,  scientists,  by  means  of  their  low-power  micro- 
scopes, discovered  in  plants  small,  roomlike  spaces,  provided  with 
firm  walls  and  filled  with  a  fiuid.  Because  of  their  similarity  to  the 
large  cells  of  the  honeycomb  these  small  structures  received  the  name 
of  cells.  To  the  scientists,  however,  the  principal  feature  seemed  to 
be  the  firm  walls.  By  study,  they  found  that  the  cell  absorbed  nutri- 
ent material,  assimilated  it,  and  produced  new  material.  Although 
plants  were  composed  of  a  mass  of  cells,  or  even  a  single  cell,  it  was 
found  that  each  cell  was  an  isolated  whole;  that  it  nourished  itself 
and  built  itself  up.  The  cell-theory  was  also  applied  to  animal  tis- 
sues. By  its  use  it  was  found  that  many  of  the  tissues  were  formed 
also  of  cells  and  that  these  cells  appeared  to  be  of  similar  construction 
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to  those  in  plant  life.  Thus  we  find  that  eveiy  tissue  is  composed  of 
minute  parte  known  as  cells  and  which  in  a  particular  tissue  are 
nearly  or  quite  similar.  For  instance,  in  examining  a  muscular  fiber, 
we  find  that  it  is  composed  of  very  email,  ribbonlike  units  called 
muecle-celle.  Although  differing  somewhat  in  size  and  development, 
yet  they  are  otherwise  similar;  that  is,  muscular  tissue  is  compoeed  of 
muscular  units,  or  cells.  Cartilage  ie  composed  of  oystershell-ehaped 
cells;  mucous-membrane  cells  are  gobletlike,  and  secrete,  or  give  off, 
mucuB.  Even  though  these  cells  are  eelf-supporting  and  grow  and 
form  other  cells,  in  the  higher  animals  they  are  grouped  and  held 
together  by  means  of  a  kind  of  cement,  spoken  of  as  "intercellular 
material." 

Hence  a  tissue  may  be  defined  as  a  group  of  similar  cells  having 
s  similar  functioa.     Tissues  are  different  only  because  they  are  com- 
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Fig.  1.— VegeUble  Cell.     (Ddval.) 
up,  Celt-VBll  of  cellnlOM.    n,  Nuclans.    A,  Cblorophrll  bodies. 

posed  of  different  kinds  of  cells  having  functions  peculiar  to  them- 
selves. An  aggregation  of  cartilage-  and  muscle-  ceils  gives  ue, 
respectively,  cartilage-  and  muscle-  tissues. 

As  the  result  of  this  knowledge,  physiology  is  beginning  to 
develop  from  a  science  of  the  organ  and  its  functions  to  that  of  the 
cell  and  its  functions.  But  this  is  only  natural  as  a  form  of  develop- 
ment, since  we  first  consider  the  greater  and  more  active  functions 
of  the  organs  and  then  delve  down  deeper  and  deeper  until  we  reach 
the  functions  of  the  cell. 

Cells  are  characterized  by  the  presence  of  the  elementary  fane* 
tions  or  phenomena  of  nutrition,  growth,  reproduction,  etc.  If 
physiology  has  to  deal  with  them,  it  can  do  it  most  successfully  by 
studying  them  in  their  seat — ^the  cell. 
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The  vegetable  cell  is  known  from  the  animal  cell  by  the  presence 
of  cellulose. 

The  cell  of  the  vegetable  kingdom  in  its  respiration  takes  in 
oxygen  and  gives  off  carbonic  acid,  as  we  do,  but  in  its  nutrition  the 
action  of  the  sun's  rays  upon  the  chlorophyll  causes  it  to  break  up 
the  carbon,  to  fix  it  in  the  tissues,  and  to  give  off  oxygen.  This 
fixation  of  carbon  overshadows  in  daylight  the  ordinary  respiration  of 
the  plant,  which  goes  on  both  by  day  and  by  night.  Yeast-cells  break 
up  sugar  into  alcohol  and  carbonic  acid.  Besides  this  action,  they 
have  in  them  a  ferment,  invertin,  which  changes  canensugar  into 
invert-sugar,  which  is  a  mixture  of  dextrose  and  laBVulose. 

CELLS. 

We  have  learned  that  the  higher  forms  of  life,  whether  plants  or 
animals,  may  be  resolved  into  a  vast  number  of  very  small,  structural 
units,  called  cells.  The  skin,  muscles,  bone,  brain,  etc.,  appear  to 
the  naked  eye  to  be  composed  of  one  kind  of  substance  respectively. 
The  microscope,  however,  has  told  us  that  each  tissue  is  composed  of 
colonies  of  units,  held  together  by  intercellular  cement,  and  that  the 
units  or  cells  of  a  particular  tissue  are  similar  in  structure  and  func- 
tions. For  example,  upon  examination,  we  find  that  muscular  tissue 
is  made  up  of  ribbonlike  fibers,  similar  in  appearance  and  structure 
and  all  engaged  in  the  same  function — contraction.  Thus,  the  cell 
is  not  only  the  unit  of  structure,  but  also  of  function,  diseased  or 
normal. 

Animal  cells  are  of  various  sizes.  Although  differing  very  much 
in  shape  and  appearance  in  various  parts  of  the  body,  nevertheless 
e\'en'  cell  consists  of  the  following  parts:  (1)  protoplasm,  (2)  nw- 
cleus,  (3)  centrosomes,  and  (4)  various  matters  commonly  called 
"special  cell-constituents/' 

Max  Schultze's  definition  of  a  cell,  enlarged  by  later  research,  is : 
"A  mass  of  protoplasm  containing  a  nucleus" 

The  term  cell  as  employed  to-day  is  a  misnomer,  but  from  its 
constant  use  since  the  seventeenth  century,  it  has  gained  such  a  hold 
upon  the  minds  of  those  engaged  in  the  study  of  science  that  the 
attempt  to  supersede  it  with  a  more  appropriate  term  has  been  unsuc- 
cessful. However,  the  idea  that  it  originally  conveyed  has  been  some- 
what modified.  The  term  originated  among  the  botanists  of  the 
seventeenth  and  eighteenth  centuries,  and  was  applied  to  chamberlike 
elements,  separated  from  one  another  and  containing  a  fluid.  Their 
characteristic  and  most  important  feature  was  the  wall,  or  membrane, 
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Its  refractive  power  is  greater  than  that  of  water  and  iq  it,  as 
a  medium,  very  delicate  threading  of  protoplaem  may  be  distin- 
guiehed.  It  was  formerly  supposed  to  be  composed  of  a  homogeneous 
tnaterial,  and  destitute  of  any  structure  and  to  contain  a  number  of 
minute  granules  of  a  solid  nature. 

Under  the  high  powers  of  the  microscope,  when  properly  stained 
Tith  reagents,  it  has  been  found  that  the  protoplasm  consists  of  two 
parts:  (1)  a  fine  network  of  fibers,  like  a  sponge,  called  the  reti- 
culum,  or  spongioplasm ;  and  (3)  the  more  fluid  portion  in  the 
meshes,  called  the  enckylema,  or  hyaloplcum.    However,  it  must  be 


Fig.  3. — Amceba  Proteus.      (Leidt.) 
D,  Contnctllc  racuole,    X,  Food-vacuolw.    m,  Eadoplum. 


mentinned  that  the  views  concerning  the  structure  of  protoplasm  dif- 
kj.  several  theories  being  offered.  According  to  the  first  idea,  the 
[imtoplasm  forms  the  network,  the  nodal  points  of  which  appear  as 
inJiridnal  granules.  It  is  very  probable  that  many  of  the  larger  and 
Bore  obvious  granules  are  inert  bodies,  such  as  glycogen,  mucin, 
f»l-gloI)ules,  albuminous  substances,  etc.,  suspended  in  the  network. 
The  glycogen  Rranules  are  found  in  the  liver-cells,  the  fat-globules 
ia  the  cells  of  the  lacteal  glands,  and  the  pigment-granules  in  the 
Bkin-cells  of  many  colored  animals.  Sometimes,  in  unicellular  ani- 
male,  calcareous  matters  are  found,  although  those  most  uniformly 
found  are  of  the  same  general  nature  as  the  protoplasm.  All  these 
particles,  or  granules,  are  termed   microsomes.    Besidca,   there   arc 
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occasionally  found  indigestible  bodies,  such  as  grains  of  sand,  indi- 
gestible residue  of  foodstuffs,  and  excretory  substances,  waiting  to 
be  expelled  from  the  body. 

Other  substances  found  within  the  protoplasm  and  supposed  to 
be  of  great  importance  to  cell-life  are  drops  of  liquid — vacuoles,  as 
they  are  commonly  called. 

Specific  Gravity  of  Living  Protoplasm. 

Living  protoplasm  has  the  physical  property  of  having  a  greater 
specific  gravity  than  water.  When  cells  of  the  most  varied  kinds  are 
allowed  to  fall  into  water  they  sink  to  the  bottom.  In  some  eases  the 
protoplasm  contains  a  considerable  quantity  of  fat;  so  that,  although 
the  substratum  of  protoplasm  is  heavier  than  water,  the  floating  of 
the  cell  is  due  to  the  lighter  specific  gravity  of  the  fat-particles  over- 
coming the  heavier  specific  gravity  of  the  protoplasm. 

The  chemical  composition  of  protoplasm  (a  living  substance) 
can  be  obtained  only  after  it  has  been  killed.  However  paradoxical 
this  may  seem,  it  is  found  impossible  to  apply  the  methods  of  chem- 
istry without  killing  it.  Every  reagent  that  comes  in  contact  with  it 
disturbs  and  changes  it  and  eventually  kills  it.  Thus,  our  ideas  of 
the  chemical  composition  of  living  protoplasms  are  the  ideas  we  get 
from  the  chemical  composition  of  dead  protoplasm. 

The  substances  of  which  it  is  composed  are: — 

1.  Water. — Water  is  that  element  in  a  living  substance  that  gives 
it  its  liquid  nature,  allowing  its  particles  to  move  about  with  a  cer- 
tain degree  of  freedom.  In  the  cell,  water  occurs,  either  chemically 
combined  with  other  constituents  or  in  the  free  state.  Salts  occur 
dissolved  in  the  water.  Protoplasm  is  semifluid,  and  about  three- 
fourths  of  its  weight  is  due  to  water.  The  molecules  of  protoplasm 
are  thought  to  be  separated  from  one  another  by  layers  of  water. 

2.  Proteids. — The  proteids  take  a  very  active  and  essential  part 
in  the  functions  of  all  cells.  The  proteids  consist  of  the  elements 
carbon,  hydrogen,  sulphur,  nitrogen,  and  oxygen.  Proteids  occur 
both  in  the  protoplasm  and  in  the  nucleus,  but  with  this  difference: 
that  found  in  the  nucleus  has  combined  with  it  phosphoric  acid, 
forming  the  so-called  nucleins.  To  show  this  fact  is  very  easy,  for 
the  nuclein  of  cells  resists  the  action  of  digestion  by  the  gastric  juice. 
All  kinds  of  cells  in  artificial  gastric  juice  have  their  protoplasm 
digested  and  only  the  nuclei  remain ;  that  is.  nuclein.  If,  now,  this 
nucleus  i9  treated  with  stains,  it  shows  that  the  nuclear  bodies  congiet 
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of  nuclein,  while  the  protoplasm  of  the  cell  is  constructed  from  other 
albuminous  bodies. 

Protoplasm  is  composed  principally,  then,  of  simple  proteids  and 
compound  proteids  that  lack  phosphorus.  Our  most  common  and 
typical  type  of  an  albuminous  substance,  or  proteid,  is  the  white  of 
an  ^g.  This  contains  12  per  cent,  of  actual  proteid  substance,  the 
remainder  being  chiefly  water.  The  albumins  are  the  only  bodies 
that  can  safely  be  said  to  be  found  in  all  cells.  Although  the  albu- 
mins contain  only  five  elements, — C,  H,  N,  S,  and  0, — ^yet  the  num- 
ber of  their  atoms  often  exceeds  a  thousand. 

3.  Various  Other  Substances  occur  in  smaller  proportions  as  car- 
bohydrates; as  glycogen  in  protoplasm  of  liver-cells;  fats,  seen  in 
protoplasm  as  fats  or  oil-drops ;  and  simpler  substances  which  are  the 
result  of  decomposition  of  the  proteids,  or  are  concerned  in  its  for- 
mation; and  also,  inorganic  salts,  such  as  phosphates,  and  chlorides 
of  calcium^  sodium,  and  potassium. 

NUCLEUS. 

From  an  examination  of  the  protoplasm,  we  pass  on  to  the 
nucleus.  As  we  have  said  before,  "a  cell  is  a  mass  of  protoplasm  con- 
taining a  nucleus."  Various  properties  and  functions  of  an  import- 
ant nature  have  been  assigned  to  protoplasm,  but  it  is  found  that  the 
nucleus  is  equally  as  important.  The  classical  experiments  of  the 
old  observers  upon  protoplasm  led  them  to  believe  that  the  protoplasm 
was  the  embodiment  of  all  the  functions  of  life.  To  them  the  nucleus 
was  unessential  as  regards  the  activities  of  life.  The  ruling  power 
of  the  protoplasm  was  dismissed  when  it  was  found  that  the  nucleus 
in  reproduction  of  cells  by  division  or  impregnation  underwent  extra- 
ordinary changes,  while  the  protoplasm  remained  passive  and  quiet. 
Within  recent  years  there  has  set  in  a  reaction,  and  the  happy  mean 
'twixt  the  two  extremes  is  now  held  to  be  correct:  the  two  are  of 
equal  importance. 

By  extended  research  and  with  staining  reagents  such  as  carmin, 
haematoxylin,  etc.,  a  distinct  nucleus  was  found  imbedded  in  the  pro- 
toplasm of  most  animal  cells.  For  a  long  time,  and  until  the  micro- 
scope was  greatly  improved,  two  classes  of  organisms  appeared  to  be 
the  exceptions.  They  were,  monera,  the  lowest  and  simplest  organ- 
isms, and  bacteria.  Gradually  the  number  of  each  class  was  reduced 
until  at  the  present  day  it  may  safely  be  said  that  every  cell  contains 
a  distinct  nucleus.  Every  cell  may  thus  be  said  to  be  characterized 
by  two  general  c^U-qonstituents,  protoplasm,  ^nd  fit  least  on^  nucleus, 
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The  form  of  the  nucleus  is  difiEerent  in  Tarious  oell&  ITsnally 
it  is  a  round  or  oval  body  situated  in  the  middle  of  the  cell.  Its 
rounded  form  is  considerably  expanded  in  young  cells,  as  in  the 
ovaries  in  their  evolution.  Very  frequently  the  form  of  the  element 
influences  that  of  the  nucleus.  Thus,  in  muscle-  and  nerve-  cells  the 
nucleus  is  generally  elongated.  In  the  lower  organisms  it  sometimes 
assumes  the  shape  of  a  horseshoe  or  a  twisted  strand,  or  is  very  much 
branched,  the  processes  running  out  in  every  direction  into  the  sur- 
rounding protoplasm. 

The  size  of  the  nucleus  is  usually  in  proportion  to  the  mass  of 
protoplasm  enveloping  it.  Thus,  in  the  large  ganglion-cells  of  the 
spinal  cord  the  nuclei  are  correspondingly  large.  Also  in  cells  en- 
gaged in  active  work,  the  nuclei  are  generally  of  good  size,  as  in  the 
secreting  cells  of  the  salivary  and  mucous  glands. 

As  to  the  number  of  nuclei  present  in  a  cell,  the  general  condition 
of  the  presence  of  but  one  in  a  cell  seems  to  prevail.  There  are  ex- 
ceptions, however,  as  liver-cells  very  frequently  contain  two,  and  the 
immense  cells  of  bone-marrow,  manv. 

General  Substance,  or  Structure. 

The  nucleus  is  no  more  of  a  homogeneous  nature  than  the  proto- 
plasm and  presents  several  distinct  substances  and  structures.  The 
different  constituents  that  are  known  are  not  always  present  in  all 
cells,  at  all  times,  or  in  the  same  proportions.  Among  some  cells  one 
element  may  be  very  conspicuous,  while  in  some  others  it  is  scarcely 
to  be  found.  According  to  Verworn.  the  following  substances  occur 
most  constantly :  (1)  nuclear  sap,  (2)  achromatic  nuclear  substance, 
(3)  chromatic  nuclear  substance,  and  (4)  the  nucleolus. 

The  nuclear  sap  may  be  present  in  larger  or  smaller  quantities 
and  is  the  liquid  ground-substance  which  fills  up  the  interstices  left 
among  the  solid  nuclear  constituents.  In  many  cells  under  the  in- 
fluence of  certain  reagents,  and  even  in  life,  it  is  known  to  be  of  a 
very  fine  granular  nature. 

The  achromatic  nuclear  substance  is  a  structure  of  fine  threads 
found  in  the  nuclear  sap,  and  it  is  characterized,  as  is  also  the  latter, 
by  not  staining  with  the  usual  reagents;  carmin,  haematoxylin,  etc. 
It  contains  achromatin  or  linin. 

Lantanin  is  found  in  linin  in  the  form  of  fine  granules,  which 
stain  by  acid  anilin  dyes,  as  opposed  to  chromatin,  which  takes  up 
only  basic  anilin  dyes.  Hence  lantanin  is  called  oxychromatin, 
whilst  chromatin  is  kno\ni  as  basichromatin. 
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The  chromatic  nuclear  substance,  as  its  name  implies^  has  an 
affinity  for  coloring-matter  in  the  form  of  different  stains.  It  is 
usually  in  the  form  of  a  continuous  network,  but  sometimes  appears 
in  small  granules,  or  particles.     It  contains  chromatin  or  nuclein. 

The  nucleolus,  if  it  appears  at  all,  is  found  in  the  network  of  tlie 
nucleus,  as  a  rounded  or  irregularly  shaped  body.  It  contains  para- 
nuclein  or  pyrenin  and  has  an  especial  affinity  for  color,  and  stains 
more  deeply  than  the  network.  The  nucleoli  are  thought  to  be 
passive  bodies  that  hold  in  reserve  different  constituents  which  are 
essential  to  the  life  of  the  nucleus. 

Sometimes  the  nucleus  is  enveloped  in  a  membrane,  called  the 
nuclear  membrane,  which  marks  it  distinctly  from  the  protoplasm. 
This,  however,  as  with  the  celUmembrane,  is  not  universal  and  is  not 
classed  as  a  general  constituent  of  the  nucleus.  The  sharpness  of  the 
contour  which  distinguishes  the  nucleus  in  the  midst  of  protoplasm 
led  many  histologists  firmly  to  believe  that  the  nucleus  always  does 
possess  a  membrane.  The  truth  is  between  the  two  extreme  opinions. 
The  nucleus  can  very  readily  exist  without  one. 

The  nuclear  membrane  consists  of  an  achromatic  substance, 
amphipvrenin. 

A  portion  of  a  cell  deprived  of  its  nucleus  may  live  for  a  time, 
but  it  evinces  no  activities  or  functions  other  than  that  of  move- 
ment. It  neither  absorbs  food,  nor  grows,  nor  reproduces,  but  seems 
gradually  to  dwindle  away  and  die.'  From  tliis  it  is  believed  that  the 
nucleus  exercises  some  powers  with  regard  to  the  building  up,  or  con- 
structive metamorphosis. 

Regarded  chemically,  the  nucleus  is  composed  principally  of  pro- 
teid  and  a  substance  like  protcid,  which  contains  as  much  as  10  per 
cent,  of  phosphorus.  No  doubt  there  are  others,  but  even  the  most 
delicate  chemical  reagents  kill  the  constituents  and  so  lessen  the 
opportunities  for  careful  investigation. 

CENTROSOME. 

About  twenty  years  ago,  when  nuclear  cell-division  was  being 
investigated,  a  small  body  other  than  the  nucleus  was  noticed  during 
the  division  of  the  cell  and  was  called  by  various  names:  polar 
corpuscle,  central  corpuscle,  or  centrosome.  The  last  name  seems  to 
be  more  generally  used  at  the  present  time. 

The  centrosome  in  its  simplest  form  is  a  body  of  extreme  min- 
uteness, frequently  not  larger  than  a  microsome,  but  which  exerts  an 
active  influence  on  the  protoplasmic  structure  during  cell-division. 
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Because  of  its  influence  in  the  cell,  it  has  aroused  more  interest 
among  investigators  than  any  other  component  of  the  cell.  By  some 
it  is  considered  to  be  a  part  of  the  nucleus,  and  by  others,  of  the  pro- 
toplasm. As  a  rule,  it  lies  in  tlie  protoplasm  just  outside  of  the 
nucleus,  even  during  the  resting  stage,  and  in  certain  conditions  of 
the  cell  is  clearly  indicated  by  a  radiation  of  protoplasm,  attraction 
sphere,  or  archoplasm,  the  fibers  of  which  are  arranged  in  the  form  of 
a  star,  the  centrosome  being  at  the  center. 

In  size  the  centrosome  ranges  between  that  of  the  ordinary  micro- 
some and  the  smallest  micro-organism.  No  structure  has  been  as  yet 
discovered  in  it.  It  cannot  be  classed  as  a  general  cell-constituent, 
since  many  forms  of  the  cell  and  unicellular  organisms  have  been 
examined  and  no  centrosome  found,  due  probably  to  the  inadequacy 
of  the  microscope.  Most  authors  consider  the  centrosome  as  an  essen- 
tial part  of  the  cell. 

The  centrosome  does  not  absorb  the  ordinary  stains  suitable  for 
the  nucleus,  but  requires  acid  anilin  dyes,  as  acid  fuchsin  and 
orange.     By  them  it  is  colored  vividly. 

As  a  rule,  there  is  one  centrosome  in  a  cell,  lying  close  to  the 
nucleus  and  surrounded  by  a  raylike  or  rodlike  structure  of  the  pro- 
toplasm. As  the  cell  prepares  for  division,  the  centrosome  divides 
into  two  distinct  parts,  both  lying  passively  within  the  starlike  net- 
work. When  the  daughter-cells  are  examined,  each  is  found  to  pos- 
sess one  of  the  centrosomes,  which,  as  the  cell  grows,  passes  through 
the  same  process  as  its  antecedents.  The  centrosome  is  regarded  as 
the  particular  organ  of  cell-division. 

PROTOPLASMIC  MOVEMENT. 

The  movements  of  protoplasm  are  movements  in  currents  and 
the  amoeboid  movement.  In  certain  vegetable  cells  protoplasm  moves 
and  causes  a  true  rotation  of  its  substance,  as  in  Chara ;  or  the  move^ 
ment  may  be  in  opposite  direction  and  the  paths  even  cross  over  each 
other.  In  this  movement  all  parts  of  the  protoplasm  do  not  move 
with  the  same  rapidity.  The  rate  in  protoplasm  is  about  V^o  inch 
per  minute. 

Movements  differ  according  to  whether  the  protoplasm  is  naJced 
— ^without  any  enveloping  membrane — or  inclosed  within  a  firm  wall, 
or  membrane. 
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I.  Movement  of  the  Naked  Protoplasm. 

Probably  our  iiioet  common  and  typical  form  of  naked  proto- 
plasm is  presented  to  us  by  the  fresh-water  amceba,  found  in  stagnant 
water.  The  amoeba  is  a  unicellular  organism,  about  Viooo  i^^ch  in 
diameter,  possessing  one  or  more  nuclei,  and  is  almost  continually  in 
moti(m,  due  to  its  extending  numerous  protoplasmic  projections, 
called  pseudopodia  (false  feet).  It  then  rolls  fts  entire  mass  into 
the  pseudopodium,  or  fingerlike  projection,  only  to  continue  the  same 
operation  repeatedly  during  its  life. 

The  pseudopodia  assume  different  forms  and  shapes  in  the  differ- 
ent kinds  of  cells,  and  in  this  way  the  establishment  of  the  identity 
of  a  cell  is  frequently  aided  by  an  observation  of  the  processes.  For 
example,  most  of  the  fresh-water  amoeba  possess  broad,  lobate  or 
finger-shaped  pseudopodia;  leucocytes,  white  blood-corpuscles, 
divided  and  pointed  pseudopodia ;  some  of  the  rhizopods  and  pigment- 
cells,  threadlike  and  reticular  pseudopodia  which  flow  into  one 
another. 

In  the  human  bodv  some  of  the  cells — such  as  white  blood- 

ft' 

corpuscles,  lymph-corpuscles,  and  connective-tissue  cells — ^possess 
movements,  which,  because  of  their  likeness  to  those  of  the  amoeba, 
are  called  amahaid. 

a.  Ciliary  Movement. 

There  have  been  discovered  cells  and  unicellular  organisms 
possessing  delicate,  hairlike  processes,  which  extend  in  greater  or  less 
numbers  from  their  surfaces.  They  are  called  flagella,  or  cilia. 
These  resemble  very  thin  pseudopodia  when  they  are  composed  of 
hyaloplasm  alone,  as  the  cilia  and  flagella  are  homogeneous  and 
nongranular  in  nature.  However,  they  differ  from  pseudopodia  in 
tliat  their  movements  are  very  energetic  and  always  definite,  and 
also  that,  unlike  pseudopodia,  their  structures  are  not  temporary, 
but  permanent,  being  neither  protruded  nor  withdrawn.  The  ciliary 
cells  lining  the  trachea  are  subjects  for  examination.  The  deep 
hack  part  of  the  throat  of  a  frog  is  gently  scraped  and  the  scrapings 
placed  in  a  drop  of  water  upon  a  warm  stage.  When  we  examine 
the  cells  under  the  microscope,  we  see  upon  their  surface  a  constant 
rapid  movement;  but  the  movement  is  so  rapid  that  we  see  only  the 
motion,  and  not  the  vibrating  cilia.  If,  however,  the  vibrations  be 
lowered  to  about  a  dozen  per  second,  we  are  then  able  to  see  the 
cilia   themselves.     Ciliary   movements   are   of   various   kinds.     More 
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frequently  it  is  a  movement  of  elevation  and  depression  of  the  cilia; 
sometimes  it  is  like  the  extension  and  flexion  of  our  fingers,  at  other 
times  a  sort  of  wave  or  whirlpool-like  movement.  In  these  move- 
ments all  the  cilia  on  the  surface  move  in  the  same  direction,  like  a 
field  of  grain  before  the  wind.  Each  completed  movement  of  the 
cilia  is  composed  of  two  movements  of  unequal  duration,  the  longer 
corresponding  to  contraction,  and  the  shorter  to  relaxation  of  the 
cilia.  Ciliary  movements  may  be  of  a  high  rapidity,  as  many  as 
960  to  about  1000  per  minute,  and  entirely  independent  of  the  circu- 
lation and  the  nervous  system.  These  movements  are  able  to  con- 
tinue after  death  as  long  as  a  day,  while  in  frogs  they  have  been 
observed  for  many  days. 

Cilia  are  about  Vaooo  i^ch  in  length  and  are  able  to  perform 
some  work.  By  their  movements  they  are  able  to  float  a  cell  in  a 
liquid,  such  as  water,  even  though  the  cell  and  cilia  are  composed,  in 
a  great  part,  of  protoplasm,  whose  specific  gravity  is  heavier  than 
water  and  naturally  inclined  to  sink,  and  at  the  same  time  they  pro- 
pel the  cell  in  some  definite  direction  at  a  much  faster  speed  than  that 
obtained  by  the  protrusion  and  retraction  of  pseudopodia.  The 
function  of  the  ciliated  cells  does  not  appear  to  be  of  any  particular 
importance  in  man  except  that  in  the  trachea  their  movements  bring 
to  the  larynx  foreign  substances  that  have  been  inhaled  into  the  lungs, 
such  as  dust,  etc.,  and  to  bring  up  for  expectoration  the  thickened 
mucus  that  is  formed  during  the  stages  of  a  cold. 

A  practical  illustration  of  the  effects  of  the  protoplasmic  move- 
ments of  leucocytes  (white  blood-corpuscles)  can  be  observed  when  an 
injury  occurs  to  any  part  of  the  body.  As  a  result  of  the  injury  and 
as  an  attempt  at  repair,  more  blood  is  sent  to  the  injured  part.  This 
result,  called  congestion,  gives  to  it  its  red  color.  With  the  additional 
quantity  of  blood  comes  an  additional  number  of  leucocytes.  They, 
by  protoplasmic  movements,  pass  through  the  walls  of  the  capillaries 
to  the  seat  of  the  injury,  to  take  up  dead  portions.  Sometimes  bac- 
teria lodge  in  the  wound,  which  the  leucocytes  approach  and  kill  by 
ingestion,  as  it  were,  thus  rendering  them  harmless.  This  process  of 
ingesting  bacteria  and  other  foreign  substances  is  called  phagocytosis, 
and  hence  the  leucocytes  are  sometimes  termed  phagocytes. 

The  phenomenon  of  a  leucocyte  in  active  movement,  which  by 
one-sided  action  of  the  chemical  products  of  bacteria,  as  toxins,  moves 
toward  (positive)  or  away  (negative)  from  the  bacteria,  is  called 
chemotaxis. 
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CELL-DIVISION. 

We  have  learned  that  organs  are  composed  of  various  structures, 
called  tissues.  A  tissue  may  be  defined  as  ^^a  group  of  similar  cells 
having  similar  functions."  For  example,  muscular  tissue  is  made  up 
of  ribbonlike  muscle-cells;  mucous  tissue  of  secreting,  goblet-shaped 
cells;  nervous  tissue  of  ganglion-cells,  with  their  numerous  project- 
ing dendrons,  etc. 

By  observation  we  notice  a  variety  of  tissues  due  to  a  variety  of 
kinds  of  cells;  also  that  all  tissues  of  a  kind  are  not  necessarily  of 
the  same  bulk,  size,  or  weight. 

The  chick  contains,  in  its  body,  a  number  of  organs  of  a  definite 
size  and  consistency.  It  has  a  head,  limbs,  muscles,  a  heart,  lungs, 
intestines,  a  liver,  etc.  We  see,  of  course,  that  these  organs  are  of  a 
size  and  weight  in  proportion  to  their  age — ^none  of  them  large  or 
heavy.  Upon  examination,  we  find  the  tissues  of  the  various  organs 
to  be  composed  of  cells  such  as  we  should  expect  them  to  contain; 
that  is,  the  muscles  of  muscle-cells,  the  bones  of  osseous  cells,  the 
brain  of  ganglion-cells,  etc.  Furthermore,  although  cells  are  of  dif- 
ferent sizes  and  forms,  yet  there  is  very  little  difference  in  respect 
to  size  between  the  cells  of  a  particular  tissue,  as  compared  with  one 
another,  or  with  those  of  the  adult  animal ;  for  the  size  of  every  cell 
is  definite. 

When  we  observe  the  same  animal  one  year  after  its  birth,  we 
notice  some  striking  differences:  it  is  much  larger  and  heavier,  the 
various  organs  are  fuller,  more  compact,  and  show  the  effects  of  the 
development  as  it  approached  maturity.  The  head,  brain,  muscles, 
heart,  lungs,  intestines,  etc.,  are  all  much  larger  and  bettor  developed 
than  those  found  in  the  small  chick.  However,  if  a  microscopical 
examination  be  made  of  the  various  tissues  in  this,  the  adult  animal, 
what  do  we  find  and  how  do  the  cells  compare  with  those  of  the  chick  ? 
Nothing  remarkable  in  the  individual  cells  themselves.  The  liver- 
cells  of  the  adult  are  no  larger  than  those  of  the  chick,  nor  are 
the  ganglion-,  muscle-,  or  other  cells.  What  we  do  perceive  is  a 
great  increase  in  the  number  of  the  cells  in  any  particular  tissue. 
The  liver  and  brain  of  the  adult  animal  contain  many  more  cells  than 
the  same  organs  of  the  chick.  Thus  we  see  that  there  has  been  a 
growth  due,  not  to  larger  cells,  but  to  a  greater  number  of  cells. 
That  is.  the  cells  have  multiplied. 

Similarly,  as  the  infant  passes  through  the  various  stages  of  boy- 
hood, youth,  and  manhood,  we  say  that  he  grows,  for  there  is  an 
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increase  in  the  size  and  weight  of  the  various  organs  of  his  body. 
This  means  that  there  is  a  greater  number  of  cells  composing  the 
tissues  of  his  various  organs.  The  power  to  multiply — that  is,  pro- 
ducing new  forms  similar  to  itself — is  one  of  the  most  important 
and  characteristic  functions  of  the  cell.  By  this  attribute,  it  not 
only  is  able  to  maintain  its  own  particular  kind,  or  species,  but  can 
undergo  constructive  metamorphosis:  building  up,  or  growing,  until 
any  part,  or  organ,  is  matured. 

A  cell  multiplies  by  dividing  into  two  or  more  parts.  Each 
part  is,  of  course,  smaller  than  the  original  or  mother-cell,  but,  by 
assimilating  nutrient  material  from  the  surrounding  tissues,  it 
grows  until  each  part  is  the  size  of  the  mother-cell,  when  it  also  is 
ready  for  division,  or  reproduction. 

No  cell  exists  that  has  not  had  its  origin  in  some  pre-existing 
cell.  In  animals  whose  tissues  are  composed  of  many  cells,  these 
same  tissues  can  be  traced  back  to  single  cells,  of  which  they  are 
developments.  The  animal  itself,  with  all  its  many  and  various 
parts  and  structures,  originated  from  a  single  cell,  the  germ-cell,  or 
ovum,  which  have  existed  in  the  parent-body,  is  also  derived  from 
a  cell. 

Schleiden,  the  botanist  and  accredited  discoverer  of  the  cell- 
theory  among  plants,  and  Schwann,  to  whom  Schleiden  confided  his 
views  and  ideas  of  plant-structure,  and  who  then  reduced  animal  tis- 
sues to  their  structural  units,  the  cells,  were  anxious  to  know  the 
origin  of  the  cells.  To  them  the  presence  of  the  nucleus  was  known, 
and  even  the  nucleolus;  but  their  instruments  were  not  powerful 
enough  to  allow  of  their  penetrating  deeper,  and  of  getting  the  cor- 
rect ideas  of  cell-division. 

It  was  proved  in  1858  that  cells  multiplied  as  a  result  of  the  divi- 
sion of  the  two  equally  essential  parts  of  the  cell,  the  nucleus  and 
protoplasm.  Our  present  conception,  that  the  two  are  of  equal  im- 
portance and  value,  dates  from  this  time.  It  was  asserted  that  the 
division  began  within  and  proceeded  to  the  outer  parts  of  the  cell. 
That  is,  the  nucleolus  was  divided,  its  division  was  followed  by  sepa- 
ration of  the  nucleus,  and  this,  in  turn,  followed  by  constriction  and 
division  of  the  protoplasm  with  its  enveloping  membrane.  These 
views  were  confirmed  bv  Virchow,  who  formulated  the  doctrine 
"Omnis  cellula  e  cellula"  (every  cell  from  a  cell). 

Later,  it  was  discovered,  by  the  investigation  of  some  of  the 
tissue-cells,  that  the  process  of  division  was  not  so  simple  as  expected. 
In  some  cases,  it  was  found  that  the  nucleus  became  star-shaped,  or 
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lobed,  or  even  seemed  to  disappear  altogether  before  cell-diviBion.  A 
few  years  later^  it  was  seen  that  the  process  of  division  was  compli- 
cated in  the  extreme,  and  that  the  cell-nucleus  underwent  a  variety  of 
transformations,  assuming  different  shapes  and  figures  until  two 
daughter-cells  were  formed  from  the  mother-cell.  This  process  was 
afterward  named  karyokinesis. 

By  experiment,  it  was  demonstrated  that,  if  a  cell  in  a  living 
organism  or  tissue  was  so  divided  that  one  of  the  parts  was  composed 
of  protoplasm  only,  none  of  the  nucleus  being  present,  the  proto- 
plasmic part  continued  to  live  for  a  considerable  time,  but  that,  of 
the  vital  phenomena  exhibited  by  the  normal  cell,  it  possessed  only 
that  of  movement.  It  was  unable  to  take  up  from  the  surrounding 
tissues  a  proper  amount  of  nutrition,  so  that  growth  and  reproduc- 
tion never  occurred,  and  after  a  time  it  died.  Thus  it  was  concerned 
only  in  destructive,  not  constructive,  metamorphosis.  It  was  totally 
unable  to  build  itself  up,  to  grow,  or  reproduce  others  of  its  species. 
On  the  other  hand,  the  part  containing  the  nucleus  grew  and  repro- 
duced its  kind,  forming  daughter-cells,  that  in  turn  formed  other 
cells,  etc 

Thus,  in  order  that  the  daughter-cell  may  possess  the  same 
properties,  form,  and  functions  of  the  mother-cell, — in  a  word,  in 
order  that  it  may  live, — it  becomes  necessary,  in  the  division,  that 
both  the  nucleus  and  the  protoplasm  must  divide.  The  disposition 
of  any  cell  to  divide,  or  reproduce,  is  usually  announced  by  changes 
in  its  nucleus,  both  physical  and  chemical.  In  fact,  the  division  of 
any  cell  is  preceded  by  division  of  the  nucleus.  This  process  in  the 
cells  of  most  organisms  is  very  complicated,  whereas  the  division  of 
the  protoplasm  is  most  simple,  consisting  of  the  appearance  of  a  con- 
striction, which  becomes  deeper  and  deeper,  forming  a  groove,  or 
fissure,  until  eventually  the  mass  is  divided  into  two  parts. 

The  evident  importance  of  the  relation  of  the  nucleus  to  cell- 
division  has  led  to  extended  study  of  the  nucleus  and  its  transforma- 
tions during  the  process  of  reproduction,  with  the  result  that,  upon 
its  function  in  this  respect,  three  forms  of  division  are  recognized: 
(1)  direct  cell-division,  (2)  indirect  cell-division,  and  (3)  endogenous 
nuclear  multiplication. 

I.  Direct  Cell-division   (Amitosis). 

Direct  cell-division  is  very  rare,  and  present  only  in  some  of  the 
unicellular  organisms  and  leucocytes.  In  pathological  formations, 
however,  such  as  tumors,  this  form  of  division  occurs  very  frequently. 
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To  get  a  better  conception  of  the  direct  form  of  division,  we  will 
study  one  of  the  infusorians,  the  typical  amoeba,  and  the  changes 
occurring  in  it  during  reproduction.  The  first  intimation  of  a  divi- 
sion is  noted  in  the  spherical  nucleus,  which  becomes  elongated,  the 
middle  portion  of  it  being  indented  by  a  constriction,  which  gives  to 
the  nucleus  a  dumb-bell  shape.  The  constricted  portion  becomes 
gradually  narrower  and  slenderer  until  the  two  heads  of  the  ball  sepa- 
rate and  each  assumes  the  same  shape  as  its  mother — spherical.  The 
cell  thus  contains  two  distinct  nuclei.  Following  the  division  of  the 
nucleus  is  that  of  the  protoplasm  by  constriction  also.  The  indenta- 
tion always  appears  between  the  two  nuclei.  Eventually  two  cells 
are  thus  formed,  each  with  a  separate  nucleus;  each  daughter-cell  is, 
of  course,  smaller  than  its  mother,  but  by  the  assimilation  of  the 
nutrient  material  surrounding  it,  it  soon  grows  to  the  normal,  definite 
size.  This  process  often  requires  several  hours  for  its  completion, 
the  various  stages  being  frequently  accomplished  in  an  uncertain 
manner. 

3.  Indirect  Cell-division  (Mitosis,  or  Karyokinesis). 

By  far  the  greater  number  of  animal-  and  plant-  cells  follow  the 
more  complicated  and  intricate  method  of  indirect,  or  karyohinetic, 
form  of  division.  The  division  of  the  protoplasm  is  simple  enough, 
following  only  the  laws  of  constriction  until  the  mass  is  completely 
separated  into  two  parts,  by  means  of  a  furrow,  or  fissure.  It  is  the 
nucleus  which  undergoes  very  remarkable  and  typical  changes,  very 
complicated  in  their  nature,  but  which  in  plants  and  animals  are  con- 
stant and  agree  very  much  in  regard  to  essentials.  Thus  the  indirect 
method  is  very  nearly,  though  not  quite,  universal. 

As  a  cell  prepares  for  division  the  most  evident  and  important 
fact  noticed  is  a  ehange  in  its  nucleus,  both  physical  and  chemical. 
The  nucleus  becomes  somewhat  enlarged,  and  its  chromatic  nuclear 
substance,  or  chromoplasm, — so  called  because  it  has  an  affinity  for 
stains, — ^begins  to  become  changed  little  by  little,  from  the  netlike 
arrangements  of  its  minute  granules  and  particles,  until  the  substance 
is  arranged  in  the  form  of  threads  loosely  rolled  up,  like  a  coil  or 
convolution,  called  the  skein  or  spirem.  These  consist  principally 
of  nuclein,  and  stain  more  deeply  than  the  surrounding  parts,  and 
are,  hence,  more  easily  discerned.  It  is  the  presence  of  these  threads 
that  gives  to  the  process  the  name  mitosis.  In  most  cases  there  is 
but  a  single  thread,  which  is  coiled  or  convoluted  throughout  its 
entire  length;  occasionally,  there  occur  several  such  threads.     The 
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threads  are  somewhat  thicker  than  before,  and  more  separated  than 
daring  the  resting  stage.  With  the  formation  of  the  spirem,  or 
wreath,  the  nucleoli  and  membrane,  if  any,  disappear.  In  some  cases 
the  nucleoli  are  dissolved  and  cast  into  the  hyaloplasm,  where  they 
degenerate  and  have  no  further  function. 

The  thread  of  the  spirem  becomes  divided  transversely  into 
nearly  equal  parts,  or  bodies,  known  as  chromosomes ,  which,  in  most 
eases,  are  in  the  form  of  rods,  straight  or  curved.  The  ground- 
substance  of  the  nucleus  now  becomes  a  part  of  the  surrounding  hyalo- 
plasm. The  chromosomes  at  first  are  placed  rather  irregularly,  but 
they  soon  begin  to  arrange  themselves  into  a  more  definite  form,  that 
of  a  rosette.  The  curved  chromosomes  now  become  more  angular 
and  V-shaped,  the  angle  pointing  toward  the  center  of  the  nuclear 
space  while  the  free  ends  are  directed  toward  the  circumference,  this 
figure  being  called  the  aster,  or  garland.  While  in  the  form  of  the 
aster  each  chromosome  splits  longitudinally  into  halves,  so  that  we 
have  just  again  as  many,  though  thinner,  chromosomes. 

Before  the  membrane  has  been  dissolved,  there  appear  in  the 
protoplasm,  but  very  near  the  nuclear  membrane,  two  small  granules 
lying  side  by  side.  These  are  the  centrosomes.  They  are  of  a  sub- 
stance that  stains  with  difficulty.  Gradually  they  begin  to  separate 
from  one  another,  moving  in  a  semicircle,  until  they  are  diametrically 
opposite  one  another,  or  at  the  nuclear  poles.  While  they  have  been 
in  motion,  the  nuclear  membrane  has  been  dissolving,  so  that,  by  the 
time  they  are  again  at  rest,  the  membrane  has  disappeared.  The 
achromatic  nuclear  spindle  develops  between  the  centrosomes.  When 
they  begin  to  separate,  the  spindle  is  small,  scarcely  discernible,  and 
like  a  band  in  form.  As  the  centrosomes  separate  more  widely,  the 
fibers  become  more  plainly  visible  and  assume  the  form  of  a  spindle — 
broad  in  the  middle  and  converging  at  either  end,  toward  and  end- 
ing in  the  centrosomes.  The  protoplasm  now  arranges  itself  around 
the  centrosomes  in  the  form  of  rays  of  a  star,  as  though  the  filaments 
of  protoplasm  were  attracted  by  the  centrosomes  in  the  manner  of 
iron  filings  by  a  magnet.  At  first  these  fibers  are  small,  but  increase 
in  length  and  numbers  as  the  division  of  the  cell  progresses,  imtil  they 
run  throughout  the  entire  protoplasmic  mass. 

The  V-shaped  filaments,  called  chromosomes,  are  now  collected 
in  the  plane  of  the  equator,  called  the  equatorial  plate.  While  the 
chromosomes  have  been  arranging  themselves  in  the  plane  of  this 
plate,  they  have  been  growing  somewhat  shorter  and  thicker,  their 
angles  pointing  to  the  axis  of  the  spindle  and  their  ends  to  the  cir- 
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cumference.  By  the  contraction  of  the  spindle  fibers  the  daughtet- 
chromosomcs  (the  result  of  the  original  chromosomes  being  divided 
longitudinally  into  two  separate  halves  by  means  of  fission)  are 
divided  into  two  equal  groups,  which  are  moved  toward  the  points, 
or  poles,  of  the  spindle,  but  never  reach  it  absolutely.  Between 
these  groups  fine  "connecting  fibrils^^  stretch.  This  figure  is  called 
the  double  star,  or  diaster.  The  star  shape  is  formed  by  the  angles 
of  the  chromosomes  being  arranged  next  to  the  centrosomes,  with 
their  free  ends  extending  out  radially. 

There  now  follows  a  retransforming  of  the  daughter-chromo- 
somes, arranged  in  the  form  of  a  star,  into  a  genuine  resting  nucleus. 
The  angles  begin  to  disappear,  the  threads  draw  more  closely  to  one 
another,  becoming  more  bent  and  roughened  at  the  same  time  that 
little  processes  appear  on  their  surfaces.  A  very  delicate  nuclear 
membrane  develops  and  surrounds  the  group  of  threads.  The  radi- 
ating fibers  of  protoplasm  aroimd  the  centrosomes  become  more  and 
more  indistinct  until  they  finally  disappear.  The  same  thing  occurs 
with  the  "connecting  fibrils.^^ 

When  the  two  daughter-stars  are  separated  as  far  as  possible 
there  appears  on  the  surface  of  the  cell-body  a  fissure,  cutting  into 
the  protoplasm  in  the  line  of  the  equatorial  plate,  imtil  the  cell  is 
completely  divided  into  two  parts,  each  containing  a  nucleus. 

The  duration  of  this  process  has  been  seen  in  man  to  be  half  an 
hour,  while  in  the  larvce  of  the  salamander  it  has  been  known  to  take 
as  long  as  five  hours. 

The  whole  process  of  mitosis  may  be  divided  into  five  stages: — 

1.  Prophase  (skein  stage). 

2.  Mother-star  stage   (monaster). 

3.  Metaphase-Metakinesis  (diaster). 

4.  Anaphase  (daughter  skeins). 

5.  Telophase  (daughter  nuclei). 

3.  Endogenous  Nuclear  Multiplication. 

A  third  rare  mode  of  nuclear  multiplication,  to  which  is  given 
the  above-named  title,  was  discovered  in  the  thalassicola. 

The  thalassicola,  which  is  the  largest  in  size  of  the  radiolarians 
and  the  diameter  of  whose  central  capsule  is  nearly  equal  to  that  of 
the  frog's  egg,  has,  during  the  major  portion  of  its  life,  one  single, 
highly  differentiated ,  giant  nucleus,  called  the  internal  vesicle.  This 
nucleus,  or  internal  vo^iclo,  usually  attains  to  Vso  i^ch  in  diameter^ 


THE  CELL.  23 

aod  j>066CBseB  a  thick,  porous,  nuclear  membrane.  It  is  very  similar 
to  the  multinucleated  germinal  vesicle  of  the  ovum  ef  an  amphibian. 
Simultaneously  with  the  advent  of  the  ceutrosome  into  the  proto- 
plaam,  there  appeared  in  the  latter,  which  heretofore  has  been  entirely 
free  and  clear,  a  large  number  of  very  small  nuclei.  These  act  as 
centers,  around  each  one  of  which  there  develop  nucleated  zoospores, 
which  may  amount  finally  to  as  many  as  some  hundreds  of  thousands 
of  separate  cells. 
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Fig.  4. — To  Show  the  Changes  in  the  Verve-cell  Due  to  Age. 
(From  Howell.) 

A.  Spinal  BBngltoa  cell  of  ■  itlU-born  cblld.  B,  Spinal  sansllon  cell  of  a 
Dun  drlDK  Bt  92  T«n  or  ■■?.  V.  Nuclei,  la  the  old  nun  tbe  cell!  are  not 
Urce,  cjUtplaam  ii  pigmented,  the  aucleus  la  ■mall  sad  tbe  nucteolui  mucb 
■hrnnken  or  absent  Both  lectloni  taken  from  tbe  cerrlcal  BangUoii.  KO 
dlamelen.     (HoDOB.) 

Patig^ne  of  CcUb, — Hodge,  of  Clark  University,  haa  found 
changes  in  the  cell  corresponding  to  rest  or  activity.  Thus  the  nerve- 
cell  in  the  morning  has  a  clear,  round  nucleus,  while  in  the  evening, 
being  tired  from  work,  the  nucleuB  has  on  irregular  contour. 
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CHAPTER  II. 

(a)  CHEMICAL  CONSTITUENTS  OP  BODY  AND  POOD. 
(b)  ALIMENTARY  SUBSTANCES. 

Digestion  has  been  described  as  the  physical  and  chemical  alter- 
ation of  the  foodstuffs  into  forms  better  fitted  for  absorption  by  the 
action  of  certain  soluble  ferments,  the  digestive  enzymes. 

The  animal  organism  had  its  birth  in  a  single  ovum  or  cell,  which, 
under  certain  favoring  circumstances  and  conditions,  developed  into 
a  mass  of  simple  cells.  As  development  proceeded,  this  aggregation 
became  differentiated  into  tissues,  by  the  grouping  of  the  cells,  altered 
by  chemical  changes  in  the  substance  of  the  cells  themselves,  by 
alterations  in  their  shapes,  and  by  deposits  of  intercellular  substances. 
As  the  organism  continued  to  grow,  the  various  parts  became  more 
and  more  complex  by  use  and  development  until  it  presented  a 
highly  complex  unit. 

In  the  metabolism  of  the  cell  it  was  learned  that  the  various  cells 
while  performing  their  various  vital  phenomena  must  constantly 
maintain  a  very  nice  balance  in  respect  to  waste  and  repair.  That  is, 
the  various  kinds  of  cells  took  out  from  their  environments  those  sub- 
stances that  were  necessary  for  their  economy  to  build  themselves  up 
and  grow,  while  the  waste-products  were  excreted.  A  distinctive 
property  of  the  cells  was  the  selective  power  exercised  in  regard  to 
different  nutrient  materials  with  which  they  came  into  contact.  Al- 
though the  surrounding  media  might  contain  many  kinds  of  food,  yet 
cells  of  a  particular  kind  took  only  that  for  themselves  which  was  best 
adapted  to  their  wants,  disregarding  entirely  all  the  others.  As 
there  was  a  great  variety  of  cells,  there  must  necessarily  be  a  cor- 
res}K)nding  variety  of  foodstuffs. 

What  is  true  of  the  cells  is  true  of  that  of  which  thev  are  but 
components  or  units:  the  body.  Among  the  phenomena  produced 
by  the  waste  of  the  solid  constituents  of  the  body  and  the  loss  of  the 
fluid  or  watery  parts  of  the  tissues  are  the  sensations  of  hunger  and 
thirst.  These  sensations  of  appetite  excite  tlie  desire  to  take  food, 
which  by  the  processes  of  digestion  is  prepared  for  absorption  and  cir- 
culation in  the  blood,  to  supply  the  various  needs  of  the  organism. 

The  term  food  includes  all  those  substances  received  into  the 
(34) 
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alimentary  canal  and  used  for  the  support  of  life,  by  supplying  the 
wa^i^te  continually  occurring  in  the  living  animal  tissues,  and  also 
weight,  heat,  and  energy.  Food  contains  substances  that  have  a  cer- 
tain chemical  relation  to  the  tissues  which  it  supports.  The  sub- 
stances out  of  which  the  complex  adult  tissues  are  constructed  are 
chemical  elements,  chemical  compounds,  or  unions  of  these  elements. 
The  food  taken  in  by  the  animal  consists  of  the  same  or  similar  com- 
position, in  its  nature  very  complex. 

Animals  are  either  carnivorous  or  herbivorous.  The  camivora, 
or  flesh-eating  species,  consume  food  possessing  apparently  the  same 
chemical  components  as  the  tissues  and  fluids  of  their  own  bodies. 
The  food  of  the  herbivora,  or  vegetable-eating  species,  contains  prin- 
ciples resembling  very  closely  those  found  in  the  animal  body.  Xo 
matter  what  the  source  or  nature  of  the  food  for  animals  might  be, 
their  chemical  constituents  or  principles  are  similar,  .since  it  is 
.  through  the  agency  of  the  vegetable  kingdom  with  the  aid  of  light 
and  heat  from  the  sun  that  the  simpler  combinations  of  inorganic 
nature  are  woven  together  and  elaborated  to  form  the  complex  organ- 
isms in  the  shape  of  plants  and  vegetables.  Thus,  the  animal  king- 
dom is  dependent  on  the  vegetable  for  its  existence ;  numerous  experi- 
ments have  proven  that  the  animal  organism  does  not  possess  the 
power  to  any  great  extent  of  constructing  complex  from  simple  mate- 
rials. Yet  complex  foods  it  must  have  to  supply  its  own  complex  con- 
stituents. However,  it  is  also  necessary  that  the  food  should  possess, 
besides  the  complex  constituents,  a  proper  proportion  of  the  various 
principles,  and  these  must  be  in  a  digestible  form.  It  is  well  known 
that  beans,  peas,  and  other  vegetables  contain  a  very  considerable 
percentage  of  proteid,  but  it  is  in  such  indigestible  form,  that  much 
of  it  passes  off  in  the  faeces.  The  various  digestive  juices  had  been 
unable  properly  to  dissolve  their  nutritive  elements. 

Of  the  80  elements  known  to  the  chemist,  but  20  are  found  in 
the  body.  Tliey  are:  carbon,  hydrogen,  nitrogen,  ox^'gen,  sulphur, 
pfiosphorus,  fluorin,  chlorine,  iodine,  silicon,  sodium,  potassium,  cal- 
cium, ammonium,  magnesium,  lithium,  iron,  and  occasionally  man- 
ganese, copper,  and  lead.  These  elements  are  rarely  found  in  the 
free  state,  being  usually  in  the  form  of  compounds. 

The  compounds,  or,  as  they  are  sometimes  termed,  proximnte 
prinriplps,  are  divided  into:  (1)  mineral,  or  inorganic,  compounds; 
(2)  organic  compounds,  or  compounds  of  carbon.  The  organic  com- 
pounds may  again  be  divided  very  conveniently  into  two  groups:  the 
nitrogenous  and  nonnitrogenous. 
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The  inorganic  compounds  are  water;  the  various  acids,  such  as 
the  hydrochloric  acid  of  the  gastric  juice;  and  numerous  salts. 

Since  the  proximate  principles  of  both  food  and  the  body  are 
the  same,  mention  of  the  principles  will  be  known  to  refer  to  both. 
A  very  convenient  method  of  grouping  the  principles  of  both  food  and 
the  body  is  that  by  Halliburton,  as  followe : — 


j  Water, 
j   Salts,  a 


Inorganic.  ^ 

as  chlorides  and  phosphates  of  sodium  and  calcium. 

{Proteids :  albumin,  myosin,  etc. 
Albuminoids:  gelatin,  keratin,  etc. 
Simpler  nitrogenous  bodies :  lecithin,  urea,  etc. 

Fats:  butter,  adipose  tissue. 
Nonnitrogenous  -^   Carbohydrates:  sugar,  starch. 

Simple  organic  bodies:  alcohol,  lactic  acid. 

Although  all  of  these  elements  are  present,  yet  not  all  are  of 
equal  importance  or  occur  in  the  same  proportions.  Among  the  inor- 
ganic group,  water  and  salts  are  prominent;  among  the  organic,  car- 
bohydrates, fats,  and  proteids. 

WATER. 

Water  forms  more  than  one-half  of  the  body-weight.  The  value 
of  water  to  the  economy  can  be  readily  appreciated  by  the  student 
when  he  considers  that  the  various  processes  and  stages  of  digestion, 
absorption,  and  assimilation  are  dependent  upon  hydration  and  dehy- 
dration. About  fifty  ounces  of  urine  are  excreted  daily,  this  being 
the  main  avenue  for  the  escape  of  watery  elements  from  the  body. 
In  addition,  considerable  water  is  given  off  by  the  skin  as  sensible 
and  insensible  perspiration,  while  expired  air  is  heavily  laden  with 
moisture. 

With  so  much  water  making  its  escape  from  the  body,  at  least 
as  much  mib^t  find  its  way  into  the  economy.  About  two  and  a  half 
quarts  of  water  are  ingested  daily  as  food.  The  water  we  drink  ought 
to  be  fresh,  limpid,  without  smell,  and  of  an  agreeable  taste.  When 
complete  and  exact  analysis  is  impossible,  the  taste  is  the  only  safe 
criterion  or  judge  as  to  its  fitness.  Drinking-water  should  always 
contain  a  certain  percentage  of  air.  The  palatability  is  due  to  the 
pre8(»nce  of  carbonic  acid  ^as  in  the  water.  Besides  gaseous  constitu- 
ents, solid  substances  are  also  present.  These  are  both  mineral  and 
organic,  and  should  be  present  in  but  very  small  amount. 
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Somewhat  more  water  is  excreted  daily  than  is  ingested^  since 
some  water  is  formed  in  the  tissues  by  the  oxidation  of  hydrogen. 

SALTS. 

The  moet  important  salts  found  are  the  sulphates  and  chlorides 
of  sodium;  the  phosphates  of  sodium,  potassiimi,  calcium,  and  mag- 
nesium ;  and  the  carbonates  of  sodium  and  calcium. 

Of  these  various  salts,  sodium  chloride  is  the  most  important 
and  the  most  common  one  found.  In  the  fluids — ^blood,  serum, 
lymph,  and  urine — this  salt  is  high  in  percentage.  While  in  the 
body  it  favors  absorption  by  increasing  the  endosmosis  of  the  tissues 
and  so  aids  metabolic  processes,  the  absence  of  sodium  chloride  for 
an  extended  time  causes  disturbances  and  disorders  in  the  constitu- 
tion. There  are  about  3000  grains  of  common  salt  present  in  the 
body.  About  180  grains  are  excreted  daily  in  the  urine,  while  some 
finds  its  exit  as  a  component  of  the  faeces,  sweat,  and  tears. 

A  practical  illustration  of  its  value  to  animal  life  may  be  gained 
by  noticing  how  wild  animals  repair  to  the  so-called  "salt  licks"  at 
various  times,  traveling  for  many  miles  to  procure  it. 

The  Africans  in  the  interior  of  their  country  do  not  have  NaCI, 
but  use  the  ashes  of  certain  plants.  These  ashes  chiefly  contain  KCl 
and  K2SO4  and  one-twentieth  per  cent,  of  sodium  salts. 

Calcium  phosphate  is  a  very  prominent  factor  of  the  mineral 
solids  of  the  body.  It  forms  about  one-half  of  the  bony  skeleton, 
where  it  is  most  abundant,  although  it  occurs  to  some  extent  in  all 
other  solids  and  fluids.     This  salt  is  particularly  conspicuous  in  milk. 

Iron  is  an  important  element  of  haemoglobin.  It  is  this  iron 
in  the  red  blood-corpuscles  that  is  the  means  of  holding  the  oxygen 
without  being  itself  oxidized.  A  want  of  it  causes  the  pathological 
condition  called  anaemia.  In  the  blood  of  an  adult  are  found  forty- 
five  grains.  In  small  proportions  it  is  found  in  the  liquids  of  the 
body, — as  the  chyle,  lymph,  bile,  urine,  etc., — in  the  faeces,  and  traces 
in  the  liver  and  spleen. 

I.  CARBOHYDRATES. 

The  carbohydrates  are  found  principally  in  the  vegetable  king- 
dom. They  are,  however,  not  indigenous  to  the  vegetable  kingdom, 
but  are  foimd  and  formed  in  animal  tissues;  notably,  glycogen,  or 
animal  starch;  dextrose;  and  lactose,  or  milk-sugar. 

For  the  sake  of  a  clearer  conception  of  the  term  carbohydrate  the 
comi>onent8  of  the  name  are  used  when  it  is  defined  as  a  compound  of 
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carbon,  hydrogen,  and  oxygen,  the  last  two  in  the  proportion  occurring 
in  the  formation  of  water,  two  to  one. 

The  carbohydrates  are : — 

Glucoses  (CeHijOe),  or  monosaccharides. 
Saccharoses  (C12  H„  On),  or  disaccharides. 
Amyloses  (CeHjoO.),  or  polysaccharides. 

The  Olncoses  are  glucose;  or  dextrose,  or  grape-sugar;  Uevxdose, 
and  galactose.  The  glucoses  have  three  properiiies  which  are  im- 
portant for  the  physiologist  to  know:  physical,  chemical,  and  bio- 
logical. From  the  fact  that  it  deviates  the  plane  of  polarization  to 
the  right,  its  physical  property  is  demonstrated,  whence  its  name, 
dextrose.  Its  chemical  property  is  the  reducing  of  ceri»in  metallic 
salts  in  the  presence  of  alkalies.  Biologically,  it  ferments  under  the 
influence  of  the  zymase  of  yeast  to  form  carbonic  acid  and  ethylic 
alcohol.  The  zymase,  an  intracellular  ferment,  is  formed  in  the  body 
of  the  cell. 


Fig.  5. — Yeast  Fungus.     (After  Habley.) 

Saccharoses. — The  saccharoses  are  saccharose,  or  cane-sugar;  lac- 
tose, or  milk-sugar;  and  maltose.  When  saccharose,  or  cane-sugar, 
is  boiled  with  a  dilute  mineral  acid,  the  right-handed  polarizing  solu- 
tion of  saccharose  is  transformed  into  invert-sugar,  or  is  said  to  be 
inverted.  Invert-sugar  is  a  mixture  of  equal  weights  of  glucose,  a 
right-handed  polarizing  agent,  and  laevulose,  which  is  a  left-handed 
polarizing  body.  The  saccharoses  do  not  reduce  the  copper  salts. 
The  saccharoses  are  not  directly  fermentable  by  yeast  except  in  this 
way :  (1)  when  yeast  is  added,  the  saccharoses  take  up  water  and  the 
soluble  ferment  of  yeast,  invertin,  changes  the  saccharoses  into  glu- 
cose and  laevulose;  then  (2)  the  z^Tnase  fermentation  of  the  glucose 
and  laevulose  bv  the  veast-cell,  which  is  not  a  vital  act. 

•  '  ft  • 

Lactose,  or  sugar  of  milk,  is  a  right-handed  polarizing  sugar.  It 
reduces  the  copper  salts,  but  is  not  fermentable  either  directly  or  in- 
directly by  the  yeast-ferment.  Tjactose  ferments  in  the  presence  of 
the  lactic  acid  bacillus  to  form  lactic  acid. 

Maltose  is  a  right-hand  polarizing  sugar,  reduces  copper  salts, 
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and  ferments  by  yeast  Maltose  has  the  same  properties  as  glucose, 
but  is  distinguished  in  two  ways:  (1)  the  light-rotating  power  of 
glucose  is  56  degrees^  while  maltose  is  150  degrees;  (2)  the  reducing 
of  metallic  salts  by  glucose  is  equal  to  100^  while  that  of  maltose  is 
but  66.    The  sugar  in  blood  is  a  glucose. 

By  moistening  barley  and  germinating  it  in  heaps  at  a  constant 
temperature,  the  starch  of  the  barley  is  converted  into  dextrose  and 
maltose.  This  change  is  brought  about  by  the  ferment  called  dias- 
tase, which  is  found  in  barley.  This  product,  when  dried,  is  denom- 
inated malt,  which,  when  it  is  acted  upon  by  yeast,  produces  the 
malted  beverages,  beer  and  ale.  Maltose  by  invertin  of  yeast  is 
changed  into  glucose. 

Amyloies,  or  Polysaccharides. — Under  the  influence  of  dilute 
mineral  acids  the  amyloses  are  changed  by  boiling  or  are  transformed 
into  glucose.  Starch  presents  a  polarizing  cross:  black  cross  upon 
a  white  ground  or  a  white  cross  upon  a  black  ground.  Starch  does 
not  reduce  copper  solution  nor  is  it  fermentable  by  yeast.  When 
iodine  is  added  to  starch  it  gives  a  blue  color. 

Glycogen,  or  animal  starch,  does  not  reduce  copper  salts  nor  is 
it  fermentable  by  yeast.  During  the  hydrolysis  of  starch  dextrin  is 
fonned  as  an  intermediate  product.  Dextrins  colored  red  by  iodine 
are  called  erythrodextrins ;  those  not  colored  by  iodine  are  called 
achroodextrins. 

J.  FATS. 

Fats  form  a  more  or  less  variable  proportion  of  the  animal 
economy.  They  come  to  us  principally  in  the  form  of  animal  food, 
but  to  some  extent  in  vegetable  food,  also,  especially  in  seeds,  nuts, 
fruit,  and  roots. 

The  fats  contain  in  their  substances  a  fatty  principle  having 
acid  properties — a  sort  of  fatty  acid.  When  acted  upon  by  alkalies 
and  ferments,  this  acid  becomes  separated  and  a  sweet  principle 
known  as  glycerin  makes  its  appearance.  Thus  fats  may  be  said  to 
be  compounds  of  fatty  acids  with  glycerin.  It  would  seem,  however, 
that  the  glycerin  had  not  pre-existed  in  the  fats,  as  the  united  weight 
of  the  glycerin  and  the  fatty  acid  produced  exceeds  that  of  the  fat 
originally  employed. 

In  bone-marrow,  adipose  tissue,  and  milk,  the  fats  are  very 
prominent  components.  The  adipose  tissue  consists  of  nucleated 
vesicles  filled  with  fatty  matter.  The  vesicles  are  closely  packed 
together  and  are  surrounded  by  a  network  of  blood-vessels  which 
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draw  out  from  this  source  a  supply  for  nutrition.  This  fatty  tissue 
is  found  between  the  muscles,  bones,  vessels^  etc.,  and,  by  its  accumu- 
lation under  tlie  skin,  gives  to  the  surface  of  the  body  its  full  and 
regular  outline. 

By  reason  of  its  bad  conducting  power,  it  helps  to  keep  the 
various  structures  of  the  body  warm  by  a  coating  of  it  lying  under 
the  skin.  This  fact  is  best  illustrated  in  warm-blooded  aquatic  ani- 
mals, such  as  the  seal,  porpoise,  or  whale. 

The  normal  fats  found  in  the  body  and  used  for  food  are  divided 
into  three  compounds:     stearin,  palmitin,  and  olein. 

Stearin  is  the  most  solid  of  the  three.  It  is  typically  illustrated 
in  mutton  suet,  and  is  the  element  which  makes  this  fat  so  hard  and 
firm,  and  characterizes  it  at  once.  Its  melting-point  is  145°  F.,  so 
that  at  ordinary  temperatures  it  is  solid. 

Palmitin  occupies  a  position  midway  between  stearin  and  olein 
as  regards  consistency.  It  is  the  principal  constituent  of  most  animal 
fats,  and  occurs  largely  in  vegetable  fats  also. 

Olein  is  always  found  in  a  fluid  state  unless  the  temperature  be 
very  low.  When  the  olein  ingredients  predominate  in  a  body  it  is 
then  in  a  liquid  state,  as  in  the  case  of  the  oils.  Olein  is  found  in 
both  animal  and  vegetable  fats,  but  the  vegetable  fats  are  richer  in  it 
than  the  animal.  The  oils  used  in  food — olive-oil,  oil  of  sweet 
almonds,  etc. — are  derived  from  the  vegetable  kingdom. 

Human  fat  contains  about  75  per  cent,  of  olein  plus  a  small 
quantity  of  fatty  acids  in  a  free  state.  All  are  soluble  in  hot  alcohol, 
ether,  and  chloroform,  but  insoluble  in  water. 

Saponification. 

When  fat  is  boiled  with  alcoholic  soda  or  potash,  the  particles  of 
fat  are  broken  up  into  a  small  quantity  of  glycerin  and  a  large  quan- 
tity of  fatty  acid.  The  fatty  acid  unites  with  the  soda  or  potash, 
forming,  as  a  result,  soap.  This  process  of  soap-forming  is  known  as 
saponification. 

Emulsification. 

If  oil  and  water  are  well  shaken  together  the  fatty  particles  do 
not  form  a  part  of  the  water,  but  are  hc^ld  in  suspension  and  come 
to  the  surface  in  the  form  of  small  globules.  A  mixture  of  an  oil, 
a  soap,  and  water  is  spoken  of  as  an  emulsion.  No  emulsion  is  per- 
manent, for  even  in  milk,  the  most  perfect  of  emulsions,  the  fatty 
particles  in  the  form  of  cream  rise  to  the  surface  in  a  few  hours. 
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Emulsification  is  a  physical  or  mechanical  rather  than  a  chemical 
change.  Both  soaps  and  emulsions  are  continually  being  formed  in 
the  body  during  the  digestion  of  fats. 

3.  PROTEIDS,  OR  PROTEINS. 

The  principal  constituents  forming  the  muscular,  nervous,  and 
glandular  tissues,  as  well  as  the  serum,  blood,  and  lymph,  are  proteids. 
In  normal  urine  there  are  found  no  proteids,  or,  if  any,  only  traces. 
In  a  great  measure  the  various  phenomena  of  life  are  present  and  due 
to  the  protoplasm  in  the  cells.  On  analyzing  protoplasm  chemically 
its  substance  is,  of  course,  killed  by  the  reagents  used,  but  proteids 
invariably  result  in  the  process.  Whether  the  proteids  exist  as  such 
in  the  protoplasm,  or  occur  only  after  the  death  of  the  protoplasm, 
has  not  been  fully  established,  but  they  are  believed  to  be  the  con- 
stituents of  it.  However,  none  of  the  phenomena  of  life  occur  with- 
out their  presence. 

Proteids  are  very  complex,  comprising  compounds  of  carbon, 
hydrogen,  nitrogen,  oxygen,  and  sulphur.  They  may  be  either  solid 
or  liquid,  as  they  are  found  in  the  different  tissues  of  the  body.  The 
different  classes  of  proteids  present  both  physical  and  chemical  pecu- 
liarities, although  all  have  certain  common  reactions.  Some  are  sol- 
uble, others  are  insoluble,  in  water,  while  nearly  all  are  soluble  in 
ether  and  alcohol.  Strong  acids  and  alkalies  are  also  capable  of  dis- 
solving the  proteids,  but  in  the  process  of  dissolution  decomposition 
almost  invariably  occurs. 

The  supply  of  proteids  in  our  bodies  is  obtained  from  the  vege- 
table kingdom,  being  taken  in  as  vegetables  directly,  or  indirectly  in 
the  form  of  meat  which  is  derived  from  animals  that  live  on  vege- 
tables. Thus  the  proteids  are  built  up  from  the  simpler  inorganic 
compounds  taken  from  the  soil  and  air  and  elaborated  in  plant-struc- 
ture. 

The  chemical  composition  of  the  proteids  is  variable,  depending 
upon  the  products  analyzed  by  the  different  investigators,  as  the 
purity  of  the  substances  cannot  be  definitely  determined.  From  in- 
vestigations we  have  the  following  average  percentages:  0,  21.50  to 
23.50;  H,  6.5  to  7.3;  N,  15.0  to  17.6;  C,  50.6  to  54.5;  S,  0.3  to  2.2. 

The  nitrogen  and  sulphur  are  each  contained  in  the  molecule  in 
two  forms,  the  one  loosely  combined,  the  other  firmly  combined. 
The  basis  of  construction  of  all  proteids  is,  according  to  Kossel.  a 
body  called  protamin  (CjoHB^Nj^Og),  which  on  hydrolysis  gives  three 
basic  substances  etch  containing  six  carbon  atoms,  hence  called  hexone 
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bases,  lysin,  histidin,  and  arginin.  Protamin  has  been  found 
combined  with  nucleic  acid  in  the  spermatozoa  of  fishes.  In  1 
teid  molecule  it  is  firmly  combined  with  the  amido  acids,  like 
glycin,  and  usually  with  the  aromatic  bodies,  like  ty rosin,  e 
inorganic  elements,  like  sulphur  and  phosphorus.^ 

The  proteids  of  different  animals  seem,  to  rough  chemiri 
to  be  the  same;   but  the  precipitin  test  shows  a  difference  V 
them.     The  casein  of  cow's  milk  is  not  exactly  similar  to 
woman's  milk. 

More  is  required  than  a  mere  equivalent  of  nitrogen  f< 
the  loss  of  nitrogen  from  the  body. 

Polypeptids. 

In  the  first  ten  years  of  the  nineteenth  century  Chevre 
bare  the  nature  of  fats  in  the  process  of  the  making  of  soaj 
in  1854  Berthelot,  by  means  of  glycerin  and  fat  acids,  const 
synthetically  a  fat.  In  1890  grape  sugar  was  synthetically  pn 
by  Fischer.  As  regards  proteins,  Miescher,  in  1874,  detected 
semen  of  the  salmon  the  protamins.  In  the  last  few  years  I 
has  been  able  to  unite  the  amido-acids.  He  has  made  a 
containing  14  amido-acids.  It  is  called  Ueucin-triglycyl-l.-l 
oktaglycyl-glycin.  Organic  synthesis  is  not  yet  eighty  year 
for  Woehler  first  produced  urea  in  1828.  Fischer  hopes  shoi 
produce  peptones  from  the  polypeptids. 

Proteids  consist  of  long  chains  of  relatively  simple  mole 
which  by  hydrolysis  into  amino-acids  are  the  keystones  o 
proteid  compound. 

When  proteids  are  split  up  by  either  ferments  or  che 
agents,  the  general  order  of  the  products  is  the  same.  The 
action  is  to  produce  proteids  which  have  smaller  molecules  tha 
original  native  albumin.  These  products  are  denominated 
moses.  The  next  stage  is  the  formation  of  still  smaller  molecul 
peptone,  and  finally  the  peptone  breaks  up  into  smaller  crysti 
materials  of  known  composition,  which  do  not  give  typical  pr 
reactions.     The  above  chemical  reactions  are  hydrolyses. 

These  bodies  can  be  arranged  into  groups: — 

(1)  Monoamino  acids,  such  as  glycin  or  glycocoll,  leucin,  ai 
tic  acid,  glutaminic  acid,  etc. 

(2)  Diamine  acids,  as  lysin,  arginin,  valeric  acid,  containii 


*Beddard,  "Practical  Physiology'. 


» 


CHEMICAL  CONSTITUENTS  OF  BODY  AND  FOOD.  33 

urea  radical  like  ereatin  and  histidin.  The  introduction  of  a  second 
amino  or  NH,  group  confers  basic  properties  upon  the  acid;  hence 
the  name  hexone  bases — hexone  because  all  contain  six  atoms  of 
carbon. 

(3)  Aromatic  amino-acids^  such  as  phenylalanine  tyrosin,  and 
tryptophan,  the  mother  substance  of  indol  and  skatol. 

(4)  Pyrimidin  bases,  such  as  thymin  (cytosin)  and  pyrrolidin 
derivatives. 

(5)  The  sulphur-containing  substance,  cystin. 

(6)  Ammonia. 

Some  of  the  amino-acids  belong  to  the  aliphatic  feeries,  others 
to  the  aromatic  and  some  to  the  heterocyclic  compounds.  Nearly 
all  the  amino-acids  have  been  made  synthetically.  All  of  the  amino- 
acids  from  proteid,  except  glycocoU,  contain  one  or  more  asym- 
metrical carbon  atoms,  and  hence  are  optically  active.  Thus,  the 
leuein  of  protein  is  1-leucin;  the  alanine  rotates  the  ray  to  the 
right,  hence  it  is  d-alanine.  The  same  amino-acids  are  present  in 
nearly  all  vegetable  and  animal  proteids,  though  certain  exceptions 
exist.  Thus,  gliadin  from  wheat  flour  contains  no  lysin,  and  gelatin 
has  no  tyrosin  and  tryptophan. 

Glycocoll  is  not  found  in  egg  albumin,  casein  or  oxyhaemo- 
globin,  whilst  it  makes  nearly  one-third  the  weight  of  silk  fibroin. 
Glutaminic  acid  is  not  found  in  silk  fiber,  whilst  in  gliadin  there 
is  about  36  per  cent.,  and  arginin  varies  from  2  per  cent,  in  zein 
to  84  per  cent,  in  salmin. 

The  amido-acids  have  been  shown  by  Fischer  to  possess  the 
property  of  combining  with  one  another  to  make  complex  molecules 
containing  two,  three,  or  more  groups  of  amido-acids.  Thus,  two 
molecules  of  amido-acid  (glycocoll)  may  be  made  to  unite  to  form 
a  compound,  glycylglycin,  which  Fischer  calls  a  peptid.  When 
formed  from  the  union  of  two  amido-acids,  they  are  called  dipeptids ; 
from  three,  tripeptids;  from  more  complicated  compounds  of  this 
kind,  the  polypeptids,  which  have  a  reaction  similar  to  that  of  pro- 
teids. The  polypeptids  occupy  in  proteolysis  a  stage  between  the 
peptones  and  the  final  simpler  amido-acids,  and  can  be  found  in 
peptic  and  tryptic  digestion  of  albumin. 

We  may  write  the  formulae  for  the  three  typical  amino-acids  as 
follows : — 

(Mycin— HXH,  CH^,  COOH  (amino-acetic  acid). 

Alanin — HNH,  CjH^,  COOH  (amino-propionic  acid). 

Leuein — HNH,  CjHjo,  COOH  (amino-caproic  acid). 
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In  each,  the  first  and  last  groups  are  the  same,  the  middle  group 
varies  and  may  be  represented  by  R.  The  general  formula  of  the 
mono-amino  acids  is,  therefore:    HNH,  R,  COOH. 

If  now  we  link  these  two  together,  we  get  HNH,   R,  CO, 


OH  Hi    NH,   R,   COOH.     What   happens   is   that   the   hydroxyl 


(OH)  of  the  carboxyl  (COOH)  group  of  one  acid  unites  with  one 
atom  of  the  hydrogen  in  the  next  amino  (HNH)  group,  and  water 
is  thus  formed,  as  shown  in  the  oblong,  and  the  rest  of  the  chain 
closes  up  and  the  water  is  eliminated.  In  this  way  we  get  a  dipep- 
tid.  The  names  glycyl,  alanyl,  leucyl,  etc.,  are  given  by  Fischer  to 
the  XHj,  R,  CO  groups  which  replace  the  hydrogen  atom  of  the 
next  NHj  group.^ 

Thus:  glycyl-glycin,  glycyl-leucin,  leucyl-alanin,  alanyl-leucin, 
and  numerous  other  combinations  and  permutations  are  obtained. 

If  the  same  operation  is  repeated,  we  obtain  tripeptids  (leucyl- 
glycyl-alanin,  alanyl-leucyl-tyrosin,  etc.);  then  we  have  the  tetra- 
peptids  and  so  on;  and  in  the  end,  by  coupling  the  chains  suffi- 
ciently often  and  in  appropriate  order,  Fischer  has  already  obtained 
substances  which  give  the  reaction  of  a  peptone. 

Hence  we  may  consider  proteids  as  essentially  polypeptid  com- 
pounds of  greater  or  less  complexity;  that  is,  they  are  acid-amids 
formed  by  the  union  of  a  number  of  amido-acid  compounds.  Many 
of  the  polypeptids  have  been  produced  synthetically,  and  these  facts 
lead  to  the  hope  that  the  actual  synthesis  of  the  proteid  molecule 
may  be  finally  accomplished. 

About  100  polypeptids  have  been  synthetically  prepared.  The 
variety  of  forms  possible  is  almost  infinite  when  one  considers  the 
variety  of  combinations  which  may  take  place.  The  peptide  and 
polypeptids  synthetically  prepared  are  not  split  into  their  com- 
ponent amido-acids  by  pepsin,  but  trv-psin  splits  some  of  them, 
especially  those  formed  from  the  optically  active  amino-acids  which 
occur  in  nature. 

The  inquiry  into  poh^^eptids  of  a  definite  construction  has  led 
to  the  isolation  of  such  compounds  directly  from  the  proteins,  and 
will  aid  us  in  understanding  the  more  complex  substances,  as  pro- 
teoses and  peptones.  They  consist  of  mixtures  of  complex  polypeptids, 
but  at  present  our  methods  are  not  perfect  enough  for  separating  poly- 
peptids from  one  another  and  from  amino-acids. 
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Classification  of  Proteids  or  Proteins. 

For  the  sake  of  convenience  and  study  the  proteids  have  been 
divided  into  various  groups  and  classes  by  different  authorities.  They 
are  almost  universally  divided  into  the  two  main  groups  of  animal 
and  vegetable  origin.  The  amount  of  proteid  matter  in  plants^  par- 
ticularly the  full-grown  ones,  is  less  than  in  animals.  It  is  found  dis- 
solved in  their  juices,  in  the  protoplasm,  or  deposited  in  the  form  of 
grains  called  aleuron  granules.  Vegetable  proteids  are  divisible  into 
the  same  classes  as  the  animal,  but,  since  human  physiology  deals 
with  animal  proteids,  the  vegetables  are  disregarded. 

A  convenient  classification  is:  (1)  native  albumins,  (2) 
derived  albumins,  or  albuminates,  (3)  compound  proteids,  (4)  globw- 
lins,  (5)  peptones,  (6)  albuminoids,  (7)  histons,  and  (8)  protamins. 

I.  Native  Albumins. 

The  proteids  of  this  class  are  those  that  are  found  in  an  unal- 
tered, natural  state  or  condition  in  the  solids  of  the  body.  They  are 
soluble  in  water  and  are  not  precipitated  by  the  dilute  acids.  The 
two  main  forms  are  egg-albumin  and  serum-albumin.  The  egg- 
albumin  occurs  in  the  part  of  the  egg  known  as  the  white.  The 
serumHilbumin  is  found  not  only  in  the  blood-serum,  but  also  in  the 
lymph  as  it  is  found  in  its  proper  lymphatic  channels  and  diffused 
throughout  the  tissues,  in  the  chyle,  milk,  and  transudations. 

a.  Derived  Albumins,  or  Albuminates,  or  Meta-proteins. 

To  this  class  belong  two  divisions:  acid-albumin  and  aJkali' 
albumin. 

The  derived  albumins  are  formed  from  the  native  albumins  by 
the  action  of  weak  alkalies  or  acids.  Thus,  when  a  native  albumin, 
such  as  serum-albumin,  is  treated  for  a  while  with  dilute  hydro- 
chloric acid  its  properties  become  entirely  changed.  The  solution  is 
no  longer  able  to  be  coagulated  by  heat,  and  when  the  solution  is  care- 
fully neutralized  the  whole  of  the  proteid  is  thrown  down  as  a  pre- 
cipitate. The  substance  into  which  the  native  albumin  was  changed 
by  the  action  of  an  acid  is  called  an  acid-albumin,  or  syntonin.  This 
acid-albumin  is  insoluble  in  distilled  water  and  neutral  saline  solu- 
tions, but  readily  soluble  in  dilute  acids  and  alkalies.  This  is  the 
process  through  which  albumins  pass  when  undergoing  gastric  diges- 
tion and  when  acted  upon  by  the  HCl  of  the  gastric  juice. 
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If  serum-albumin,  egg-albumin,  or  washed  muscle  is  acted  on  by 
an  alkali,  instead  of  an  acid,  the  proteid  undergoes  changes  similar  to 
those  produced  by  the  acid,  except  that  the  product  formed  is  an 
alkali-albumin  instead  of  an  acid  one. 

3.  Compound  Proteids,  Conjugated  Protein,  or  Proteides  of  Qemians. 

These  are  native  proteids  with  another  organic  substance,  in 
contrast  to  albuminates,  which  are  compounds  of  native  proteids 
with  inorganic  substances.  The  compound  proteins  include  (1) 
glucoproteins,  like  mucin,  consisting  of  a  proteid  combined  with  a 
carbohydrate  group;  (2)  nucleoproteins  are  built  up  of  albumins, 
nucleic  acid,  and  always  contain  iron.  They  exist  in  the  cell-nu- 
cleus; (3)  phosphoproteins,  like  casein  of  milk  and  vitellin  of  yelk 
of  eggs;  (4)  chromoproteins,  like  haemoglobin. 

Tests  for  Proteids. — (A)  Coloh  Tests. — (1)  The  biuret  test 
of  Rose  and  Wiedemann, — ^when  a  solution  of  albumin  is  made 
strongly  alkaline  with  caustic  potash,  and  a  solution  of  copper  sulphate 
is  added  drop  by  drop,  then  a  pink-violet  color  is  produced. 

(2)  The  xanthoproteic  test  of  Fourcroy  and  Vauquelin.  Add 
nitric  acid,  and  a  white  precipitate  ensues,  which,  on  being  boiled, 
turns  yellow ;  on  cooling,  add  ammonia ;  the  yellow-colored  precipitate 
becomes  orange.  This  reaction  depends  upon  the  presence  of  the 
benzol  ring  in  the  proteid  molecule  ( phenyl alanin,  tyrosin,  indol). 

(3)  Millon^s  reagent.  This  reagent  is  a  solution  of  mercuric 
nitrate  in  water  containing  free  nitrous  acid.  On  adding  it  to  a 
solution  of  albumin,  a  whitish  precipitate  ensues,  which  becomes  a 
brick-red  on  boiling.  This  reaction  indicates  the  presence  of  oxy- 
phenol  group  (tyrosin). 

(B)  Precipitation  op  Proteids  by  Neutral  Salts. — (1) 
Saturation  with  ammonium  sulphate  precipitates  all  proteids  except 
peptones. 

(C)  Precipitation  of  Proteids  by  Acids. — (1)  Add  a  drop 
or  two  of  strong  nitric  acid,  a  white  precipitate  ensues. 

4,  Globulins. 

The  globulins  are  quite  abundant.  The  globulins  differ  from 
the  albumins  in  that  they  are  not  soluble  in  distilled  water.  There 
must  be  present  an  appreciable  amount  of  sodium  chloride  or  mag- 
nesium sulphate. 

Globulins  are  insoluble  in  saturated  solution  of  all  the  neutral 
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salts.  They  are  also  insoluble  in  a  half-saturated  solution  of  ammo- 
nium sulphate.     They  are  coagulated  by  heat. 

The  different  members  of  this  group  are :  serum^globulin  (para- 
globulin),  and  fibrinogen  in  blood,  myosinogen  in  muscle,  etc. 

Paraglobulin  is  a  precipitate  tliat  can  be  formed  from  blood- 
serum  by  diluting  it  tenfold  with  water,  and  passing  through  it  a 
current  of  carbon  anhydride.  A  flocculent,  and  finallji^  a  granular, 
precipitate  results,  which  is  the  paraglobulin. 

The  coagulated  proteids  are  fibrin,  myosin,  and  casein.  The 
coagulation  is  produced  by  ferments. 

Fibrinogen  is  present  in  the  blood,  chyle,  serous  fluids,  and 
transudations. 

Myosinogen  is  the  principal  proteid  found  in  muscle. 

5.  Peptones. 

In  the  body  peptones  are  the  final  results  of  the  action  of  the  gas- 
tric and  pancreatic  juices  upon  the  native  proteids,  and,  as  peptones, 
are  ready  for  absorption  by  the  cells.  Although  formed  in  large 
quantities  in  the  stomach  and  intestine,  they  are  absorbed  as  soon 
as  formed,  since  none  are  left  in  these  organs.  Peptones  can,  how- 
ever, be  produced  outside  the  body  by  the  action  of  dilute  acids  at 
medium  temperatures. 

The  peptones  are  soluble  in  water,  not  coagulated  by  the  pres- 
ence of  heat,  cannot  be  precipitated  by  the  usual  proteid  precipitants, 
and  diffuse  very  readily  through  membranous  tissues. 

Siegfried  has  recently  isolated  peptones  of  a  basic  character  by 
hydrolysis  of  albumins  with  about  12  per  cent,  of  hydrochloric  acid. 
He  calls  these  bodies  kyrines. 

Intermediate  products  between  the  native  proteids  and  peptones 
are  the  proteoses.  True  peptones  are  not  found  in  the  circulating 
juices  of  plants,  but  the  product  found  is  very  likely  proteose. 

The  proteoses  are  only  slightly  diffusible,  they  are  not  coagulated 
by  heat,  but  can  be  precipitated.  A  characteristic  feature  of  their  pre- 
cipitates is  that  they  can  be  dissolved  by  heating,  but  reappear  when 
the  solution  cools. 

6.  Nitrogenous  Bodies  Allied  to  Proteids,  or  Albuminoids,  or  Sclero- 

proteins. 

Besides  the  proteids  there  are  other  nitrogenous,  noncrystalline 
bodies  that  are  allied  to  the  former^  having  many  general  points 
in  common. 
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Oelatin  is  the  substance  produced  by  heating  in  dilute  acetic  acid 
for  several  days,  the  collagen  of  connective-tissue  fibers.  It  possesses 
the  property  of  setting  into  a  jelly  when  its  concentration  is  greater 
than  1  per  cent.  When  digested  it  is  converted  into  a  peptone,  and, 
although  readily  absorbed,  is  not  able  to  take  the  place  of  a  true 
proteid,  since  it  cannot  build  up  nitrogenous  tissue,  being  valuable 
only  as  a  means  of  storing  up  energy. 

Keratin  is  the  homy  material  forming  the  outer  layer  of  the 
epidermis,  hair,  wool,  nails,  hoofs,  etc. 

Elastin  of  elastic  tissue  belongs  to  this  group. 

7.  Histones. 

To  the  histones  belong  globin,  the  proteid  which  is  separated 
from  haemaglobin  by  decomposing  acids  and  alkalies. 

8.  Protamins. 

The  protamins  are  salmin,  clupein,  scombrin,  sturin,  etc. 

ALIMENTARY  SUBSTANCES. 

We  have  learned  that  the  body  is  composed  of  the  chemical  con- 
stituents or  proximate  principles,  carbohydrates,  fats,  and  proteids 
comprising  the  organic  group,  and  water  and  salts  the  inorganic  class. 
In  order  that  the  nutrition  of  the  body  may  proceed  normally,  it  is 
very  apparent  that  those  principles  must  be  supplied  in  the  food,  in 
the  proper  proportions  and  quantities.  So,  a  proper  diet  for  man  is 
one  containing  the  proximate  principles  in  their  proper  proportions, 
the  value  of  it  depending  mainly  on  the  amount  of  carbon  and  nitro- 
gen present. 

The  elements,  as  elements,  are  not  valuable;  it  is  only  when 
they  are  in  combination  that  they  Fierve  their  proper  ends  as  foods. 
For  the  elements,  to  constitute  an  organic  product,  must  be  united 
previously  by  some  living  organism.  It  is  not  often  that  the  alimen- 
tary substances  arc  used  by  us  as  Nature  furnishes  them,  even  though 
they  contain  the  proper  ingredients.  One  requisite  is  that  they 
should  be  presented  in  a  digestible  form.  Water,  heat,  and  condi- 
ments are  the  three  agents  used  to  make  food  more  palatable  and 
digestible.  Water  helps  to  soften  Ihe  insoluble  substances,  and 
to  dissolve  the  principal  substances.  Heat  modifies  the  foods 
still  more,  so  that  thoy  acquire  difToront  characters.  Condiments 
give  physical  satisfaction  and  enjo}'ment,  and,  at  the  same  time,  they 
please  the  taste. 
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A  diet,  to  be  sufScient^  must  be  adapted  to  the  particular  indi- 
viduaFs  need,  keeping  in  mind,  also,  the  climate,  age  of  person,  and 
the  amount  of  work  done  by  him. 

We  make  changes  of  clothing  to  suit  the  weather  conditions  in 
order  that  the  body  may  not  suffer  in  regard  to  the  surrounding  tem- 
perature, and  our  diet  should  be  regulated  with  the  same  ends  in 
view.  In  cold  weather  we  eat  more,  to  furnish  an  extra  amount 
of  heat ;  in  warm  weather  we  eat  less  than  usual.  A  growing  youth's 
body  must  not  only  repair  the  daily  waste,  but  also  assist  in  con- 
structive metamorphosis,  or  growth,  so  that  he  requires  relatively 
more  food  per  diem  than  the  aduJt.  Because  of  the  waste  attending 
action,  the  workingman  requires  more  than  the  ordinary  supply  of 
food. 

There  are  some  single  foods  which  contain  all  the  necessary 
proximate  principles  in  proper  proportions,  but  they  are  the  excep- 
tions, rather  than  the  rule.  Thus  milk  and  eggs  are  classed  as  per- 
fect foods.  It  is  usually  necessary  for  a  proper  diet  to  contain  a  vari- 
ety of  substances  in  this  list. 

For  a  man  doing  a  moderate  amoimt  of  work,  it  has  been  com- 
puted that  it  is  necessary  that  the  daily  diet  should  contain  the  fol- 
lowing amounts: — 

Proteid    125  grams. 

Fat 50  grams. 

Carbohydrates    500  grams. 

Alimentary  substances  comprise  products  of  lioth  animal  and 
vegetable  kingdoms.  Tlie  principal  ones  are  animal  substances,  with 
cereals,  potatoes,  drinks,  condiments,  cocoa,  coffee,  te^a,  etc. 

The  animal  substances,  or  foods,  comprise:  (1)  meat,  (2) 
Qgg»^  and  (3)  milk,  with  its  derivatives — cream,  butter,  and  choeso. 

The  parts  of  animals  used  for  food  are  the  various  }X)rtions  of 
their  muscular  system.  They  comprise  the  general  term  meat.  Ani- 
mal food,  l)cing  identical  with  the  body  structures,  requires  nothing 
to  be  added  or  subtracted  to  make  it  fit  to  give  proper  nourishment. 

MEAT. 

The  more  compact  the  fiber,  the  less  digestible  the  meat.  Hence 
ham  is  much  less  digestible  than  other  meats.  The  more  fat  that  is 
combined  intimately  with  the  fibers,  so  much  loss  is  the  digestibility 
of  the  meat,  because  the  fat  melts  and  coats  the  fibers  of  the  meat 
with  a  layer  of  oil  which  prevents  the  ferment  from  acting  upon  it. 
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Meat  is  noted  for  the  large  quantity  of  nitrogenous  matter  which  it 
contains^  containing  four  times  the  amount  of  proteid  compared  with 
the  same  weight  of  milk.  The  proteid  in  meat  is  myosin,  the  main 
constituent. 

Beef -tea  is  a  solution  of  gelatin,  salts,  extracted  matters,  a  little 
albumin,  together  with  some  fat.  The  value  of  beef-tea  as  an  ali- 
mentary substance  has  been  much  disputed,  some  claiming  great 
results  from  it,  others  none.  However,  one  thing  is  certain;  it 
possesses  a  stimulant  and  restorative  value,  though  it  must  not  be 
depended  upon  as  a  food  and  administered  as  such. 

LiEBio's  Beep  Tea. — It  contains  novain,  oblitin,  ignotin,  and 
neosin.  Oblitin  increases  the  tonus  and  peristaltic  movements  of 
the  intestine.  It  also  increases  the  salivary  secretion  and  lowers 
arterial  tension.  Novain  has  a  similar  action  to  oblitin.  Neosin 
lowers  the  arterial  tension.  Neosin  is  also  obtained  from  fresh  muscle, 
and  is  not  due  to  putrefactive  changes  in  beef-tea. 

The  process  of  cooking  meat  loosens  up  the  various  fasciae  and 
enveloping  membranes,  thereby  separating  the  fibers;  at  the  same 
time  parasitic  growths  are  killed.  Thus  the  digestive  juices  are  given 
more  ample  opportunity  for  acting  upon  all  parts  of  the  foods,  even 
penetrating  into  the  innermost  parts. 

EQQS. 

The  white  of  an  egg  is  a  faint-yellowish,  albuminous  fluid  in- 
closed in  a  framework  of  thin  membranes,  and  this  fluid  itself  is  very 
liquid,  but  seems  viscid,  because  the  membranes  are  entangled.  Oval- 
bumin, or  the  egg-albumin  of  the  egg-white,  is  the  chief  constituent. 
The  mineral  bodies  in  the  white  of  the  egg  are  potash,  soda,  lime, 
magnesia,  iron,  chlorine,  phosphoric  acid,  and  sulphuric  acid. 

The  principal  part  of  the  yelk  is  an  orange-yellow,  alkaline  emul- 
sion of  a  mild  taste.  The  yelk  contains  vitellin  as  its  principal  con- 
stituent. Besides  vitellin,  the  yelk  contains  alkali  albuminate  and 
albumin.  The  yelk  also  contains  a  phosphorized  fat  (lecithin)  with 
cholesterin,  fats,  and  a  small  quantity  of  sugar  and  of  mineral  bodies, 
chiefly  lime  and  phosphoric  acid.  Iron  exists  in  the  yelk  in  an  or- 
ganic combination. 

As  the  egg  is  so  easily  digested  it  is  prized  highly  as  a  food. 
However,  the  more  that  an  egg  is  boiled,  the  more  insoluble  do  the 
proteids  become  and  so  are  more  indigestible. 

In  cases  where  eggs  are  difficult  of  digestion  the  white  of  egg 
may  be  given.    In  some  persons  the  yelks  of  eggs  cause  headache  and 
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drowsiaees.     The  caloric  value  of  two  eggs  is  about  twenty  calories, 
about  eqoaJ  to  the  heat-value  of  a  tumbler  of  milk. 

MILK. 

Like  egge,  milk  cootains  all  the  elements  neceesary  for  the  main- 
tenance of  life,  and  hence  it  is  regarded  as  a  type  of  alimentary  aub- 
?tancea  and  clasaed  as  a  perfect  food.  It  serves  very  well  as  an 
infant-food. 

The  quantitative  composition  of  cow's  milk  and  human  milk  is 
as  follows,  according  to  Bunge: — 

PvoTUD.     Fit.  Bhikatk  But. 


Yig.  6. — Speciineiu  of  Milk,  viewed  through  the  MicroscopG.      (Landois.) 
M.  HUk.    C.  Coloatrum. 

The  amount  of  fat  and  carbohydrate  is  nearly  the  8amc  in'both, 
there  being,  however,  twice  as  much  proteid  and  nearly  three  times 
as  much  salt  in  cows'  milk  as  in  human  milk.  To  bring  cows'  milk 
to  the  same  condition  as  human  milk,  it  is  necessary  to  dilute  with  an 
equal  amount  of  water,  and,  at  the  same  time,  to  add  some  cream  and 
sugar. 

Milk  is  a  watery  solution  of  various  proteida,  a  carbohydrate  and 
salt,  containing  in  suspension  emulsified  fat.  Cows'  milk  is  an 
opalescent  solution,  with  a  characteristic  taste  and  an  amphoteric 
reaction.  The  specific  gravity  varies  between  1028  and  1034.  Micro- 
scopically, it  consists,  like  blood,  of  plasma  and  corpuscles,  or  glob- 
oles,  of  fat     Boiling  does  not  coagulate  fresh  milk,  but  forms  a  skin 
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on  its  surface^  which  is  chiefly  composed  of  caseinogen  inmeshing  some 
fat-particles.  This  film  is  formed  by  the  drying  of  proteid  at  the 
surface  of  the  milk.  The  chief  proteid  of  milk  is  a  phospho-proteid 
called  caseinogen,  which  can  be  precipitated  by  adding  to  the  diluted 
milk  a  weak  acid  or  by  saturating  it  with  a  neutral  salt.  The  chief 
peculiarity  of  caseinogen  is  its  coagulating  power  when  treated  with 
a  ferment,  rennin,  in  the  presence  of  lime  salts.  The  coagulation  of 
milk  depends  upon  the  change  of  a  soluble  proteid,  caseinogen,  into 
an  insoluble  body,  casein,  by  means  of  the  enzyme,  rennin,  and  the 
presence  of  lime  salts  is  necessary.  It  is  probable  that  tlie  rennin 
first  splits  the  caseinogen  into  two  bodies,  the  more  important  being 
soluble  casein,  which  then  combines  with  the  calcium  salts  to  form  a 
caseinate  of  calcium,  while  the  other  passes  into  solution  in  the-  whey 
as  whey  proteid,  or  lacfoserum  proteose. 

The  casein  thus  generated  inmeshes  the  fat-granules  and  forms 
milk-curd.  This  curd,  like  the  blood-clot,  shrinks  after  a  few  hours 
and  an  opalescent  fluid,  or  serum,  called  whey,  is  expressed. 

This  whey  contains,  besides  the  whey-proteid,  or  lacto?erum  pro- 
teose, traces  of  other  proteids  and  also  lactose  and  milk  salts.  The 
casein  of  cows*  milk  forms  large  masses  on  coagulation,  while 
women's  milk  forms  very  fine  flakes. 

The  lactose,  or  sugar  of  milk,  does  not  readily  ferment  with 
yeast,  but  it  is  capable  of  undergoing  a  special  fermentation,  by  which 
it  is  changed  by  the  lactic  acid  bacillus  into  lactic  acid,  and  this 
lactic  acid  is  further  split  up  into  butyric  acid.  These  two  acids, 
lactic  and  butyric,  precipitate  the  caseinogen  and  produce  the  curd  in 
sour  milk;  but  this  curd  is  quite  a  different  body  from  that  pro- 
duced by  rennin,  for  it  can  be  dissolved  by  a  weak  alkali,  and  then  the 
rennin  will  clot  it.  Potassium  oxalate,  which  precipitates  the  cal- 
cium in  the  milk,  prevents  the  clotting  of  the  milk.  The  other  pro- 
teids in  milk,  besides  caseinogen,  are  lactalbumin  and  lactoglobulin. 

Kumiss  is  mare's  milk  fermented.  It  contains  10  per  cent,  of 
solids,  3  per  cent,  of  alcohol,  2  per  cent,  of  fat,  2  per  cent,  of  sugar, 
1  per  cent,  of  lactic  acid,  1  to  2  per  cent,  of  casein,  and  1  volume 
per  cent,  of  carbonic  acid. 

Kephir  is  cows'  milk  fermented  by  kephir  grains. 

Matzoon  is  prepared  by  adding  to  milk  a  ferment  consisting  of 
some  form  of  yeast  and  the  lactic  acid  bacilli.  It,  however,  contains 
very  much  less  alcohol  and  carbonic  acid  than  kumiss.  Plasmon 
is  prepared  by  precipitating  casein  from  fresh  milk.  Then  it  is  dis- 
solved in  sodium  bicarbonate  in  the  presence  of  free  carbon  dioxide, 
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which  prevents  the  alkali  from  decomposing  the  casein.  It  is  then 
dried,  and  is  a  yellowish-white  body.  It  contains  2  per  cent,  of  fat 
and  milk-sugar  and  7  per  cent,  of  salts.  It  is  used  as  a  substitute  for 
milk  when  a  large  amount  of  water  is  not  desirable. 

The  fats  of  milk  are  olein,  palmitin,  stearin,  caproin,  and  buty- 
rin.  The  milk  of  women  contains  twice  as  much  olein  as  palmitin 
and  stearin,  but  these  bodies  are  about  the  same  in  quantity  in  cows' 
milk.  In  cows'  milk  two-fifths  is  olein,  one-third  is  palmitin,  one- 
sixth  stearin  and  butyrin,  and  caproin  one-fourteenth  of  the  total 
fat. 

Buttermilk  contains  about  10  per  cent,  of  solids,  including 
casein;    lactose;    and  about  1  per  cent,  of  fats. 

Butter  is  formed  in  churning  by  making  the  fat-particles  adhere 
to  each  other,  forming  a  yellow,  fatty  mass. 

The  salts  of  milk  average  0.6  per  cent,  and  they  consist  chiefly 
of  phosphate  of  lime  with  calcium  chloride,  magnesium  phosphate, 
and  traces  of  iron. 

Milk  also  contains  about  7.6  per  cent,  of  carbonic  acid  and  traces 
of  oxygen  and  nitrogen. 

The  quantity  of  milk  daily  secreted  by  a  woman  is  about  one 
quart. 

The  quantity  of  milk  changes  during  lactation,  which  lasts  in  the 
woman  about  ten  months.  In  the  case  of  the  woman,  the  percentage 
of  casein  and  fat  increases  to  the  end  of  the  second  month,  but  sugar 
lessens  even  in  the  first  month.  During  the  fifth  to  the  seventh 
month  there  is  a  diminution  of  fat,  and  between  the  ninth  and  tenth 
months  a  decrease  of  casein.  In  the  first  five  months  the  salts 
increase;  after  that  thev  diminish. 

Colostrum  is  the  milk  secreted  for  a  few  days  after  parturition, 
and  it  has  peculiar  characteristics.  It  contains  large  corpuscles  called 
c<»lo8trum-corpuscle8,  which  are  large  cells  full  of  colorless,  fatty  par- 
ticles. 

A  poisonous  principle  is  sometimes  generated  in  milk  by  microbes. 
It  is  called  tyrotoxicon. 

VEQETABLE    FOODS. 

Vegetable  substances  differ  very  much  from  animal  bodies  in  their 
physical  appearances,  and,  in  some  respects,  also  chemically.  The 
vegetable  matters  are  capable  of  being  transformed  into  the  various 
animal  components  and  thereby  nourish  the  animal  body,  since  they 
contain  all  the  elements,  or  proximate  principles,  that  are  necessary 


44  PHYSIOLOGY. 

for  the  maintenance  of  life.  They  need  a  more  complex  apparatus 
for  their  transformation,  and,  as  a  consequence,  the  digestive  organs 
of  the  herbivora  are  better  developed  and  more  complex  than  those 
of  the  camivora. 

The  cereals  have  the  same  general  composition,  all  containing 
the  same  proximate  principles,  but  not  all  possess  the  same  relative 
amounts,  because  of  which  some  are  more  valuable  as  food  than 
others.     The  most  important  of  the  cereals  is  wheat. 

Wheat,  as  a  source  of  food,  occupies  a  very  important  place  and 
is  one  of  the  most  widely  cultivated  of  the  cereals.  The  wheat- 
grains  by  grinding  have  their  cellulose  coats  burst,  and  the  resulting 
powder  is  called  flour.  This  contains,  on  an  average,  70  per  cent,  of 
carbohydrates,  8  per  cent,  of  proteid,  and  1  per  cent,  of  fat.  The 
coverings  of  the  grain  still  contain  some  albumin  and  starch  and 
thus  form  bran,  a  substance  used  for  feeding  the  herbivora.  Bread  is 
made  by  a  mixture  of  wheat-flour  and  water,  forming  dough.  The 
body  which,  on  the  addition  of  water,  becomes  viscid  is  called  gluten, 
and  is  a  tough,  sticky  mass.  This  is  made  more  porous  by  carbonic 
acid,  which  is  generated  in  the  dough  by  the  action  of  the  yeast-plant 
on  sugar.  The  sugar  is  produced  by  the  diastase  in  the  flour,  which 
hydrates  the  starch  into  sugar.  Baking  kills  the  yeast-action  and 
makes  the  vesicles  filled  with  carbonic  acid  expand,  so  the  dough  is 
filled  with  little  cavities.  The  crust  of  bread  is  formed  by  the  heat 
coagulating  the  gluten,  and  at  the  same  time  the  heat  transforms  the 
starch  into  dextrin  and  soluble  starch.  The  glazing  of  the  crust  is 
due  to  dextrin.  The  color  of  the  crust  and  its  taste  are  due  to  a 
caramel  generated  by  the  action  of  heat  on  the  sugar  produced  by  the 
diastase. 

ACCESSORY  FOODS. 

In  addition  to  the  ordinary  foods  there  is  a  series  of  articles 
which  are  not  necessary  to  the  maintenance  of  life,  but  which  are  fre- 
quently used.  They  are:  alcohol,  tea,  cofl^ee,  and  cocoa.  Of  these 
accessory  foods,  alcohol  is  the  predominant  one  and  is  used  in  a  vari- 
ety of  drinks. 

Alcohol. — Beer  contains  from  3  to  5  per  cent,  of  alcohol.  It 
also  has  from  5  to  7  per  cent,  of  extractives,  which  consist  mainly  of 
dextrin  and  maltose,  with  albuminose,  which  give  it  nutrient  proper- 
ties. Eacli  ounce  usuallv  holds  about  two  cubic  inches  of  carbon 
dioxide.  It  is  an  infusion  of  malt  fermented,  to  which  a  bitter  prin- 
ciple found  in  hops  is  added.     It  is  frequently  adulterated  with  sali- 
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cylic  acid  and  benzoic  acid  to  preserve  it.  In  excess  it  gives  rise 
to  rheumatism^  gout,  and  bilious  attacks,  due  to  diminished  excretion 
of  waste-materials  from  the  economy.  Wines  contain  from  6  to  25 
per  cent,  of  alcohol.  Port  holds  10  per  cent,  and  sherry  16  to  25  per 
cent,  of  alcohol.  Besides,  the  aroma  is  due  to  ethers.  Champagnes 
contain  in  addition,  10  per  cent,  of  sugar,  which  upsets  the  stomach. 
Wines  also  have  free  acids,  especially  tartaric,  which  also  disagree 
with  certain  stomachs. 

Spirits  contain  about  50  per  cent,  of  alcohol.  Alcohol  is  a 
nutrient  and  heat-generator.  One  gram  of  alcohol  produces  more 
heat  than  one  gram  of  proteid  or  carbohydrate.  Ordinarily  the  sys- 
tem can  oxidize  daily  about  one  and  one-half  ounces  of  alcohol.  When 
alcohol  is  oxidized  it  spares  the  fats  and  carbohydrates  and  probably 
the  proteids.  It  is  well  known  that  the  continuous  drinking  of 
alcohol  makes  a  person  fat.  The  persistent  use  of  alcohol  also 
increases  the  dangers  of  infection  from  infectious  diseases.  In  fevers 
its  use  prevents  the  loss  of  fat  and  stimulates  the  secretion  of  gastric 
juice.  It  dilates  the  capillaries  of  the  skin  either  by  a  local  or  central 
action,  favoring  heat-dissipation.  Its  habitual  use  gives  rise  to 
chronic  gastritis  and  cirrhosis  of  the  liver.  The  odor  of  spirits  in 
the  breath  is  due  to  fusel-oil.  Alcohol  in  the  blood  is  changed  into 
carbonic  acid  and  water. 

Coffee. — Each  cup  of  coffee  contains  about  two  grains  of  caffeine. 
Coffee  also  contains  a  volatile  substance  called  coffeon,  which  resem- 
bles an  oil.  The  exhilaration  after  the  drinking  of  coffee  and  the 
increased  peristalsis  are  due  to  the  coffeon. 

Tea. — Tea  contains  caffeine  and  theophylline  and  about  7  per 
cent,  of  tannin.  Tea  induces  constipation  and  chronic  gastritis  when 
used  in  excess.     Xeither  tea  nor  coffee  diminishes  metabolic  changes. 

Cocoa. — This  body  is  a  nutrient  because  it  contains  fat  (50 
per  cent.)  and  an  albuminous  substance.  It  contains  theobromine. 
Caffeine  and  theobromine  belong  to  the  purin  group. 


CHAPTER  III. 

DIGESTION. 

Anatomy  aiid  Structure  of  the  Mouth,  Pharynx,  and  CEsophagus, 
together  with  the  Digestive  Processes  Occurring  in   Them. 

Digestion  has  for  its  aim  the  separating  of  the  principles  of 
growth  and  repair  from  the  aliments  and  the  fitting  of  them  for 
absorption  into  the  circulation.  The  process  is  both  mechanical  and 
chemical,  accomplished  mainly  through  the  action  of  certain  soluble 
ferments  called  digestive  enzymes. 

Some  form  of  digestion  is  found  to  take  place  in  all  animal  organ- 
isms no  matter  how  low  we  proceed  in  the  zoological  scale.  It  is 
essential  to  every  one  of  them  that  they  be  able  to  take  from  their 
environments  those  elements  that  are  necessary  to  maintain  their 
economy  and  to  give  off  those  substances  termed  waste-products  that 
are  no  longer  fit  for  use,  for  only  by  this  exchange  of  the  elements 
outside  of  their  own  organisms  are  they  able  to  live,  grow,  and  pro- 
duce others  of  their  kind. 

In  the  higher  grades  of  animal  life,  as  the  articulata  and  verte- 
brata,  the  number  of  organs  concerned  in  digestion  is  increased,  and, 
of  course,  in  direct  ratio  the  various  stages  and  acts  in  the  whole 
process  are  multiplied.  In  their  bodies  it  is  a  long  tube,  in  some  parts 
much  folded  on  itself;  in  and  along  the  outside  of  this  tube  there  are 
numerous  glands  which  empty  their  products,  called  secretions,  into 
the  long  tube;  at  the  beginning  of  which  there  is  an  apparatus  for 
crushing  and  grinding  the  solid  parts  of  the  food.  Intimately  con- 
nected with  this  apparatus  is  the  system  of  blood-  and  chyle-  vessels 
for  absorbing  the  digested  products,  thus  allowing  them  to  circulate 
through  the  entire  body  and  come  into  contact  with  every  part  of  the 
organism. 

In  the  vertebrata  there  are  modifications  and  forms  of  develop- 
ment dependent  upon  the  class,  and  even  in  mammalia  there  are 
differences,  as  the  animal  may  be  insectivorous,  carnivorous,  herbivor- 
ous, or  omnivorous. 

Man,  the  highest  of  the  mammalia,  is  the  real  and  intimate  study 
upon  which  all  our  physiological  researches  bear.  He  is  omnivorous, 
(46) 
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and  naturally  we  expect  to  find  his  digestive  apparatus  suited  to  dis- 
integrating and  dissolving  all  kinds  of  food. 

In  him  the  digestive  apparatus  consists  of  a  long  tube,  called  the 
alimentary  canal,  about  thirty  feet  in  length,  with  its  accessories,  the 
teeth  and  the  various  glands  which  empty  their  products  into  the  tube 
bv  means  of  little  ducts. 

The  alimentary  canal  is  the  long  tube  beginning  wjth  the  mouth 
and  ending  with  the  anus,  composed  of  muscle  and  mucous  membrane, 
the  latter  lining  it  throughout  its  entire  length  and  giving  to  the 
interior  of  the  canal  its  characteristic  smoothness  and  redness.  In 
this  lining  membrane,  as  also  in  the  sub  mucosa,  are  located  some  of 
the  glands  whose  secretions  aid  digestion. 

The  alimentary  canal  in  its  extent  of  about  thirty  feet  has 
received  various  names  for  its  several  parts.  They  are:  mouth, 
pharynx,  (esophagus,  stomach,  small  and  large  intestines. 

The  mouth  is  an  oval  box  situated  at  the  commencement  of  the 
canal,  in  which,  by  the  action  of  the  jaws  with  their  two  rows  of  teeth, 
the  hard  parts  of  the  food  are  masticated.  While  the  food  is  being 
masticated,  it  is  at  the  same  time  being  mixed  with  a  watery  fiuid, 
the  saliva,  the  secretion  of  the  salivary  glands;  this  mixing  of  food 
and  saliva  has  been  termed  insalivation. 

In  the  pharynx  and  (esophagus  occurs  the  act  of  deglutition,  or 
swallowing  of  the  masticated  mouthful,  in  the  form  of  a  large,  moist 
bolus.  It  is  by  the  contraction  of  the  muscles  in  these  parts,  that  the 
food  is  quickly  passed  on  to  the  stomach.  The  course  of  the  tube, 
beginning  with  the  mouth  and  ending  at  the  opening  of  the  stomach, 
is  comparatively  straight,  and  measures  about  fifteen  or  eighteen 
inches  in  length.  This  part  of  the  tube  is  found  in  the  head,  neck, 
and  thorax,  ending  just  below  the  transverse  muscular  wall  of  the 
trunk,  the  diaphragm. 

The  stomach  is  the  muscular  pouch  in  which  occur  some  of  the 
chemical  changes  of  the  food,  converting  it  into  a  grayish-brown  soup- 
like mass.  From  thence  it  passes  into  the  small  intestine,  where  the 
nutrient  materials  are  separated  from  the  waste-residue;  the  latter 
is  passed  on  into  the  large  intestine  to  be  later  expelled  from  the  body. 

The  stomach  and  the  large  and  small  intestines  are  located  in  the 
abdomen  and  pelvis,  differing  from  that  part  of  the  canal  above  the 
diaphragm  in  that  the  intestines  are  much  folded  and  convoluted  in 
their  course;  so  that  the  major  portion  of  the  entire  length  of  the 
canal  is  contained  here. 

In   the  mucous  membrane  and   subnmcosa   are   located   micro- 
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scopical  glands  whose  ducts  open  directly  upon  the  lining,  interior 
surface.  Outside  the  canal,  their  secretions  emptying  into  the  canal 
by  small  ducts,  are  the  larger  glands,  salivary,  liver,  and  pancreas. 
The  ducts  of  the  salivary  glands  open  into  the  mouth;  the  common 
duct  of  the  liver  and  pancreas  opens  into  the  first  fold  of  the  small 
intestine,  the  duodenum. 

Although  digestion  in  its  entirety,  as  it  occurs  in  the  alimentary 
canal,  is  in  its  nature  very  complex,  yet  there  are  three  natural  divi- 
sions of  the  whole  process  based  upon  the  changes  as  they  occur  (1) 
in  the  mouth  (including  the  pharynx  and  oesophagus),  (2)  in  the 
stomach,  and  (3)  in  the  intestines. 

It  is  the  intention  to  consider  the  changes  and  alterations  of  the 
foodstuffs,  whether  mechanical  or  chemical,  in  each,  together  with 
the  anatomy  of  the  parts  of  each  division  and  the  structure  of  the 
accessory  glands,  with  their  secretions  and  the  functions  they  bear  to 
the  completion  of  the  entire  work.  However,  the  fact  must  not  be 
lost  sight  of  that  these  divisions  are  only  arbitrary  and  for  conve- 
nience, as  no  real  line  can  be  drawn  at  the  various  stages,  since  all 
parts,  structures,  and  functions  work  in  harmony,  on  the  plan  of 
division  of  labor:  having  in  mind  one  common  end — ^the  dissolving 
of  the  food  so  that  it  can  become  a  part  of  the  circulation. 

PREHENSION. 

Before  the  processes  of  digestion  can  begin,  it  is  essential  that 
the  food  should  be  brought  to  and  placed  in  the  mouth,  the  beginning 
of  the  alimentary  canal,  for  only  in  some  of  the  infusoria  does  diges- 
tion of  the  food  take  place  outside  the  organism,  due  to  the  influence 
of  ferments  secreted  by  the  organism  to  be  nourished.  The  act  of 
bringing  the  food  to  the  mouth  has  been  termed  prehension. 

Nature  has  admirable  contrivances  for  this  act  wherever  we  look 
among  the  lower  animals.  The  monkey,  squirrel,  rat,  etc.,  usually 
make  use  of  their  anterior  extremities  for  grasping  and  bringing  to 
their  mouths  the  food,  while  they  sit  upon  their  haunches.  The 
horse  makes  use  of  his  teeth  and  lips;  indeed,  his  upper  lip  is  very 
movable,  long,  and  endowed  with  extreme  sensibility.  It  is  his  means 
of  gathering  together  his  grain  and  bringing  it  to  the  incisors  which 
cut  it  up,  then  to  be  passed  along  by  the  tongue  to  the  molars  for 
grinding.  In  the  cow,  the  tongue,  in  the  cat  and  dog,  the  teeth  and 
jaws,  are  the  main  organs  of  prehension.  The  frog,  by  protruding 
his  long,  thin  tongue,  the  surface  of  which  is  covered  with  a  viscid 
mucus,  catches  insects  as  they  fly. 
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By  far  the  most  complicated  and  best  developed  prehensile  instru- 
ment in  animal  mechanics  is  that  employed  by  man — the  human 
upper  limb.  The  extreme  perfection  of  all  its  parts,  and  particularly 
of  its  terminal  portion,  the  hand,  makes  it  admirably  fitted,  not  only 
for  the  prehension  of  food,  but  also  for  the  execution  of  all  the  various 
caprices  and  designs  of  the  human  will.  Thus  it  not  only  simply 
raises  the  food  to  the  mouth  (prehension),  but  also,  with  the  human 
intelligence  as  the  real  potent  factor,  aids  in  the  preparation  of  food 
by  means  of  fire  (cooking). 

Thus  we  learn  that  the  first  real  step  in  digestion  is  prehension : 
bringing  the  food  to  the  mouth. 

THE  MOUTH. 

The  space  included  between  the  lips  in  front,  the  pharynx  behind, 
and  the  cheeks  at  the  side  is  the  mouth.  Above  the  roof  of  the  mouth 
we  have  the  palate;  l)elow,  its  floor,  upon  which  rests  the  tongue. 
Tlie  cavity  of  the  mouth,  excepting  the  teeth,  is  everywhere  invested 
with  a  highly  vascular  mucous  membrane,  with  an  investment  of 
squamous  epithelium.  Conical  papillae,  for  the  larger  part  minute 
and  concealed  beneath  the  epithelium,  are  found.  The  lips  are 
separated  l)y  the  oral  fissure.  They  are  composed  of  various  muscles 
converging  to  and  surrounding  the  oral  fissure.  The  cheeks  have  a 
composition  similar  to  the  lips,  and  their  principal  muscle  is  the  buc- 
cinator. At  their  back  part  they  include  the  ramus  of  the 
jaw  and  its  muscles,  and  usually  bet\^een  these  and  the  buccinator 
muscle  is  a  mass  of  soft,  adipose  tissue. 

Beneath  the  mucous  membrane  of  the  lips  and  cheeks,  there  are 
a  number  of  small,  racemose  glands,  with  ducts  which  open  into  the 
mouth.  These  glands  are,  in  the  lips,  called  labial  and,  in  the 
cheeks,  buccal.     Thev  secrete  mucus. 

There  are  two  parts  to  the  palate:  a  hard  and  a  soft  palate. 
The  hard  palate  is  deeply  vaulted  and  lined  with  a  smooth  mucous 
membrane,  except  at  its  anterior  part,  where  it  is  roughened  by  trans- 
verse ridges.  The  soft  palate  is  a  doubling  of  the  mucous  membrane, 
inclosing  a  fibromuscular  layer,  also  containing  racemose  glands.  It 
hangs  down  obliquely  from  the  hard  palate  between  the  mouth  and 
posterior  nasal  orifices.  It  is  a  freely  movable  partition.  The  uvula 
is  an  appendage  like  a  tongue  projecting  from  the  middle  of  the  soft 
palate,  and  consists  of  a  pair  of  muscles  inclosed  in  a  pouch  of  mucous 
membrane. 

Palate. — The  palate  has  two  crescentic  folds  of  mucous  mem- 
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brane  inclosing  muscular  fasciculi  and  diverging  from  the  base  of  the 
uvula,  on  each  side  of  the  palate  outward  and  downward,  one  to  the 
side  of  the  tongue,  the  other  to  the  side  of  the  pharynx.  These  folds 
are  known  as  the  half-arches  of  the  palate.  The  one  in  front  is  known 
as  the  anterior  palatine  arch,  the  one  posterior  as  the  posterior  pala- 
tine arch. 

The  Fauces. — The  fauces  is  the  strait,  or  passage,  leading  from 
the  mouth  to  the  pharynx,  and  corresponds  with  the  space  included 
between  the  half-arches  of  the  palate. 

The  Tongue. — The  tongue  is  composed  of  muscle  and  is  covered 
with  a  mucous  membrane.  It  is  composed  of  two  symmetrical  halves 
joined  in  the  middle  line.  By  the  freedom  of  its  movements  it  aids 
in  mastication  and  deglutition ;  it  is  also  a  great  help  in  articulation, 
and  by  the  papillae  on  its  surface  forms  an  organ  of  taste.  The 
root,  or  base,  is  the  posterior  part,  where  it  is  attached  to  the  hyoid 
bone  and  inferior  maxilla.  The  body  is  the  great  bulk  of  the  organ. 
Its  tip  is  the  anterior  free  extremity.  On  the  anterior  two-thirds  of 
the  upper  surface  of  the  tongue,  we  find  a  mucous  membrane,  which 
adheres  most  intimately  to  the  muscles  beneath.  Its  surface  is  rough- 
ened by  the  presence  of  a  number  of  little  papillae.  On  the  surface 
of  the  tongue  there  are  many  mucous  glands. 

Papillae. — The  papillae  are  the  fungiform,  filiform,  and  circum- 
vallate.  These  are  more  minutely  described  in  the  section  on  the 
sense  of  taste. 

Nerves. — The  nerves  of  the  tongue  are  the  lingual  of  the  fifth 
pair,  the  glosso-pharyngeal,  and  the  hypoglossal. 

THE  TEETH. 

In  form,  structure,  and  number,  the  teeth  vary  very  considerably 
in  different  animals;  this  is  markedly  shown  in  the  classes,  car- 
fiivora  and  herbtvora.  In  most  animals  the  teeth  are  worn  down 
by  use  and  eventually  decay.  The  exception  is  found  in  that  class 
of  animals  that  constantly  nibble;  their  incisors  are  peculiar  in  that 
there  are  deposits  of  fresh  dentine  within  and  upon  the  pulp  and 
of  enamel  upon  the  anterior  surface,  thus  giving  a  continuous  growth. 
They  are  the  rodentia. 

Among  mammalia,  and  particularly  in  man,  the  teeth  are  devel- 
oped in  two  sets :  ( 1 )  the  first,  less  numerous  and  smaller  set,  called 
the  temporary,  or  milk,  teeth;  (2)  the  second  set,  larger  and  more 
numerous,  called  the  permanent  teeth. 

The  temporary,  or  milh.  teeth  are  usually  20  in  number,  10  in 
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each  jaw.  In  each  jaw  there  are  4  incisors,  2  canines,  and  ^  molars. 
When  the  milk  teeth  drop  out  they  are  followed  by  the  permanent 
teeth. 

The  permanent  teeth  are  32  in  number,  16  in  each  jaw,  consisting 
of  4  incisors,  2  canines,  Ji,  bicuspids,  and  6  molars. 

There  are  three  distinct  parts  in  a  tooth :    crown,  root,  and  neck. 

The  crown,  or  body,  is  the  protruding  portion  of  the  tooth ;  the 
portion  inserted  in  the  alveolus  of  the  jaws  is  the  root,  or  fang.  The 
slightly  constricted  part  enveloped  by  the  gum,  is  the  neck.  The  fang 
is  firmly  fastened  to  the  sides  of  the  alveolus,  in  which  it  is  inserted 
by  fibrous  tissue,  which  is  continuous  with  the  periosteum  of  the  jaws. 
When  the  jaws  are  closed  the  under  incisors  are  inclosed  by  the  upper 
ones,  but  the  grinding  surfaces  of  the  molars  are  in  contact. 

Temporary  Teeth. — There  are  20  milk  teeth,  10  in  each  jaw,  or 
5  on  each  side  of  the  jaw ;  that  is,  2  incisors,  1  canine,  and  2  molars. 
The  temporary  set  resembles  the  permanent  in  form  and  structure. 
The  teeth  are,  however,  fewer  in  number,  smaller  in  size,  and  charac- 
terized by  the  bulging  out  of  the  crown  close  to  the  neck,  making  the 
latter  very  sharply  defined.  Lower  central  incisors  are  the  first  to 
appear.     They  appear  about  the  seventh  month. 

The  milk  teeth  die  oflf  and  so  give  room  for  the  second  and  more 
permanent  set.  They  die  partly  in  accordance  with  the  rule  of  epi- 
thelial tissues  and  drop  off,  since  all  such  tissues  are  expelled  after 
their  death ;  then,  too,  the  jaws  grow  as  the  being  passes  from  infancy 
to  adult  life,  when  larger  and  more  numerous  teeth  must  replace  the 
smaller  ones,  so  as  not  to  impair  the  efficiency  necessary  to  masticate 
quantities  of  food  proportionate  to  the  demands  of  the  growing  body. 

Permanent  Teeth. — They  are  32  in  number.  There  are  8  in- 
cisors and  they  form  the  4  front  teeth  in  each  jaw,  and  are  named 
incisors  because  they  divide  the  food.  The  upper  incisors  are  the 
larger.  The  lower  molar  is  the  first  to  appear  in  the  permanent 
set.     It  appears  about  the  sixth  year. 

The  canine  teeth  are  4  in  number,  larger  than  the  incisors.  The 
upper  canines  are  usually  called  the  eye  teeth,  and  they  are  longer 
and  larger  than  the  canine  teeth  in  the  lower  jaw.  In  the  carnivorous 
animals,  like  the  dog,  the  canine  teeth  are  usually  large;  hence  the 
name  of  canine.  The  lower  canines  are  popularly  known  by  the  name 
of  stomach  teeth.  There  are  4  premolars,  or  bicuspids,  in  each  jaw. 
They  are  shorter  and  smaller  than  the  canines.  The  bicuspids  of  the 
upper  jaw  are  larger  than  those  of  the  lower  jaw.  The  functions  of 
the  bicuspids  are  to  cut  and  grind  the  food.     The  molars  are  12  in 
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inches  in  length.  The  duct  opens  on  the  side  of  the  lingual  fraenum. 
The  blood-vessels  are  branches  of  the  facial  and  lingual.  The  nor\'e8 
are  those  from  the  submaxillary  ganglion,  and  through  this,  from  the 
chorda  tympani.     The  sympathetic  also  supplies  this  gland. 

The  sublingual  gland  rests  on  the  floor  of  the  mouth  and  is  seen 
beneath  the  side  of  the  tongue  as  a  ridge.  It  has  a  half-dozen  ducts 
called  the  Rivinian,  which  open  on  the  ridge  that  marks  the  position 
of  the  gland  on  the  side  of  the  fraenum. 

STRUCTURE  OF  THE  SALIVARY  GLANDS. 

These  glands  are  of  the  compound  racemose  variety.  The  alveo- 
lus has  a  duct  ending  in  it.  The  alveoli  are  united  by  the  blood- 
vessels and  a  small  amount  of  loose  connective  tissue  with  lobules. 
The  alveoli  of  the  salivary  glands  are  divided  into  two  classes,  accord- 
ing to  the  kind  of  secretion,  one  kind  giving  a  secretion  containing 
mucin,  and  the  other  kind  secreting  a  more  watery  fluid  containing  a 
large  amount. of  serum-albumin;  hence  the  alveoli  are  mucous  or 
serous.  The  sublingual  chiefly  secretes  mucus,  the  parotid  chiefly 
serum-albumin.  The  submaxillary  secretes  both  kinds.  In  most  of 
the  alveoli  of  the  glands,  there  are  found  cells  of  a  kind  differing  from 
the  mucin-cells,  as  in  the  submaxillar^^  of  the  cat,  where  they  form 
an  almost  complete  outer  layer,  next  to  the  base  membrane  and  inclos- 
ing the  mucin-cells,  and  are  called  "marginal  cells."  In  the  dog^s 
submaxillary  they  are  seen  only  as  semilunar  masses  known  as  the 
half-moons  of  Gianuzzi.  The  l^nnphatics  lie  closer  to  the  alveoli  than 
the  capillary  network  of  blood-vessels.  The  lymphatics  begin  in  the 
form  of  lacunae,  between  and  around  the  alveoli.  The  nerves  pierce 
the  basement  membrane  and  arborize  between  and  around  the  cells 
of  the  alveoli. 

PHARYNX. 

The  phar}Tix  is  a  funnel-like  cavity  running  from  the  under  sur- 
face of  the  skull  down  to  the  level  of  the  fifth  cervical  vertebra,  where 
it  ends  in  the  oesophagus.  There  are  7  openings  communicating  with 
it:  the  2  posterior  nares,  the  2  Eustachian  tubes,  the  mouth,  the 
lar}Tix,  and  the  a?8ophagus.  The  walls  of  the  pharynx  are  musculo- 
membranous.  The  interior  is  lined  with  a  soft,  red,  mucous  mem- 
brane containing  many  glands.  Squamous  cells  are  the  chief  variety 
of  epithelium  lining  the  mucous  membrane.  Next  is  a  fibrous  coat, 
then  a  muscular  coat,  and  outside  of  this  a  fibrous  investment  which 
attaches  it  to  the  skull.     The  muscular  coat  includes  the  superior. 
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middle,  and  inferior  constrictors  of  the  pharynx,  which  are  concerned 
in  deglutition.  Lymphoid  tissue  is  very  abundant  at  the  upper  back 
part  of  the  pharynx,  and  a  number  of  lymph-follicles  lie  between  the 
orifices  of  the  Eustachian  tubes,  forming  the  pharyngeal  tonsil. 

OBSOPHAQUS. 

This  tube  extends  from  the  fifth  cervical  down  to  the  ninth  dorsal 
vertebra.  It  is  about  nine  inches  long  and  less  than  an  inch  in 
diameter.  It  is  narrowest  at  its  commencement  and  gradually  en- 
larges. It  has  three  coats:  the  outside,  muscular;  a  middle  coat, 
fibrous;  and  an  internal,  or  mucous,  coat.  The  muscular  coat  has 
a  layer  of  longitudinal  fibers  and  a  layer  of  circular  fibers ;  the  upper 
end  of  the  oesophagus  has  striated  fibers,  while  the  lower  half  has 
plain,  unstriped  fibers.  The  mucous  coat  is  paler  than  that  of  the 
pharvTix  and  mouth.  In  ordinary  circumstances  the  mucous  mem- 
brane is  in  longitudinal  folds.  It  contains  minute  papillae  and  a 
squamous  epithelium.  The  nerves  of  the  oesophagus  are  the  vagus 
and  the  sympathetic. 

THE  MECHANICAL  PROCESSES  OP  DIGESTION  OCCURRING 
IN  THE  MOUTH,  PHARYNX,  AND  (ESOPHAGUS. 

MASTICATION. 

This  is  a  voluntary  act  whereby  the  food  is  comminuted  by  the 
teeth,  jaws,  and  muscles  concerned  in  this  act,  aided  by  the  tongue, 
palate,  cheeks,  and  lips.  The  bulk  of  the  work  is  accomplished  by 
the  biting  and  grinding  movements  of  the  lower  teeth  against  the 
upper  ones. 

From  the  manner  of  its  articulation  with  the  skull  the  lower  jaw 
is  capable  of  jwrforming  three  primary  movements,  together  with 
combinations  of  these  same,  viz.:  up  and  down,  side  to  side,  with 
projt»cti(m  and  retraction.  The  muscles  concerned  in  producing  these 
movements  are  the  masseter,  temporal,  and  internal  pterygoids,  which 
raise  the  lower  jaw ;  the  inferior  maxillary  division  of  the  fifth  nerve 
innervates  them.  The  depression  of  the  jaw  is  accomplished  mainly 
through  the  action  of  the  digastric,  aided  considerably  by  gravity. 
The  side-to-side,  or  lateral,  movements  are  due  to  the  separate  action 
of  the  external  pterygoids.  Their  united  contraction  gives  projection 
of  the  lower  mandible,  to  be  retracted  by  a  part  of  the  temporal 
muscle.  The  innervation  of  the  pterygoids  is  also  by  the  inferior 
division  of  the  fifth. 
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Mastication  is  particularly  important  when  solid  and  fibrous  foods 
are  eaten,  to  prepare  them  by  comminution  for  the  fermentative 
action  of  the  various  digestive  fluids.  When  improperly  performed 
repeatedly,  a  severe  form  of  dyspepsia  ensues. 

During  mastication  there  is  performed  a  separate  and  distinct 
act,  insalivation,  or  the  mixing  of  the  food  with  saliva.  By  means  of 
it,  the  dry,  hard  portions  of  food  are  moistened  and  softened  the  better 
to  fit  them  for  swallowing;  at  the  same  time  the  mucous  membrane 
is  lubricated  to  allow  free  movement  of  the  food  over  its  surface,  and 
the  surfaces  of  the  teeth  are  freed  from  accumulations  of  food  dur- 
ing mastication,  which  otherwise  would  collect  and  impede  its  pro- 
gress. A  fever  patient  attempting  to  swallow  a  dry  cracker  affords 
ample  illustration  of  the  mechanical  value  of  the  saliva  during  mas- 
tication. 

DEGLUTITION. 

The  swallowing  of  the  food,  which  has  been  named  the  act  of 
deglutition,  is  performed  by  the  aid  of  the  tongue,  fauces,  pharynx, 
and  the  oesophagus  or  gullet.  For  the  purpose  of  description  only, 
since  the  process  in  reality  admits  of  no  lines  of  distinction,  this  act 
is  usually  said  to  comprise  three  stages:  first,  that  in  which  the  food 
is  forced  backward  from  the  mouth,  through  the  fauces  into  the 
pharynx.  This  act  is  voluntary,  though  usually  performed  uncon- 
sciously, being  ascribed  to  the  movements  of  the  tongue  itself.  The 
second  stage  is  that  in  which  the  bolus  is  made  to  travel  along  the 
middle  and  lower  part  of  the  pharynx  to  the  oesophagus.  This  sec- 
ond act  is  more  complicated  and  requires  quicker  movements,  because 
the  nasal  and  laryngeal  orifices  are  open,  but  past  which  the  food  must 
go  without  entering.  The  main  motive  power  for  this  performance 
is  gained  by  the  contractions  of  the  three  constrictors^  aided  by  the 
synchronous  action  of  other  muscles,  whose  duty  is  to  occlude  tem- 
porarily the  nasal  and  laryngeal  openings.  The  opening  into  the 
nasal  cavity  is  closed  by  the  elevation  of  the  soft  palate,  uvula,  and 
the  contraction  of  the  posterior  pillars  of  the  fauces.  Just  above  the 
laryngeal  opening  and  at  the  base  of  the  tongue  is  a  small,  leaf- 
shaped  piece  of  cartilage,  the  epiglottis.  It  was  formerly  believed  that 
the  laryngeal  orifice  was  guardod  during  deglutition  l)y  the  retraction 
of  the  tongue  pressing  down  the  epiglottis  to  fit  it  firmly.  But,  as 
removal  of  the  epiglottis  did  not  interfere  with  normal  swallowing,  it 
was  learned  that  the  real  safeguard  was  the  contraction  of  the  aryteno* 
epiglottic  folds.    The  third  stage  is  that  in  which  the  bolus  descends 
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along  the  oesophagus  to  enter  the  stomach.  This  stage  is  performed 
by  tlie  intrinsic  contractions  of  the  muscular  fibers  of  the  oesopliagus- 
walls.  As  is  known,  its  muscular  fibers  are  arranged  in  Iwo  layers: 
one  circular,  the  other  longitudinal.  The  upper  third  is  composed  of 
striated  muscle-fibers,  the  lower  two-thirds  of  plain,  or  unstriped, 
variety.  Accordingly  in  the  upper  third  the  movement  of  the  bolus 
is  more  rapid  than  in  the  lower  two-thirds.  The  movement  through 
the  oesophagus  is  that  known  as  peristaltiCi,  or  vermicular.  The  sec- 
ond and  third  stages  of  deglutition  are  involuntary.  When  the  death- 
rattle  occurs  it  is  caused  by  the  pharynx  not  contracting  around  the 
bolus. 

Swallowing  of  Fluids. 

From  what  has  been  said  previously  it  will  be  readily  perceived 
that  the  act  of  deglutition  of  both  liquids  and  solids  is  a  muscular 
«ct,  and  not,  therefore,  dependent  upon  gravity.  Thus,  horses  and 
many  other  animals  drink  with  their  heads  low,  so  that  the  fluid  must 
needfi  be  forced  up  an  inclined  plane  to  reach  their  stomachs.  Some- 
times jugglers,  while  standing  upon  their  heads,  perform  the  feat  of 
drinking. 

The  deglutition  of  boli  or  food  was,  for  convenience,  divided 
into  three  stages,  but  so  quickly  is  the  passage  of  liquids  accomplished 
that  physiologists  are  able  to  recognize  but  one  movement.  We  are 
indebted  to  the  experiments  and  observations  of  Kronecker  and 
lleltzer  for  an  explanation  of  this  process;  according  to  them,  there 
k  an  action  resembling,  in  the  main,  that  of  a  force-pump,  whereby 
the  mass  of  liquid  is  propelled  with  extreme  rapidity  through  the 
pharjTix  and  oesophagus. 

It  is  by  the  contraction  of  the  two  mylohyoids  that  the  liquid 
is  put  under  high  pressure  and  shot  along  in  the  direction  of  least 
resistance :     through  the  pharynx  and  oesophagus.     This  pair  of  mus- 
cles is  greatly  aided  by  the  simultaneous  action  of  the  tw^o  hyoglossi 
muscles.     These  two  pairs  of  muscles,  by  acting  in  unison,  form  a 
sort  of  diaphragm  to  push  the  root  of  the  tongue  backward  and  down- 
ward, at  the  same  time  performing  a  force-pump  action  upon  the 
liquid  to  be  swallowed.     So  quickly  is  the  passage  of  the  liquid  accom- 
plished that  the  pharyngeal  and  oesophageal  muscles  have  not  time  to 
contract  about  the  mass  of  liquid;  in  fact,  they  are  inhibited  during 
the  passage  of  liquids  through  their  respective  channels.     After  the 
liquids  arrive  in  the  stomach  the  act  of  deglutition  ensues  for  the  pur- 
pose of  removing  the  liquids  adhering  to  the  walls  of  oesophagus. 
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This  statement  is  substantiated  very  strikingly  in  cases  of  poison- 
ing by  carbolic  acid  and  other  corrosive  substances.  The  mouth  and 
tongue,  from  longer  contact,  are  always  burned,  while  the  pharynx 
and  oesophagus  may  escape  altogether,  or,  at  most,  are  but  slightly 
burned.  The  escape  of  the  latter  is  due  to  the  rapid  transit  of  the 
corrosive  substance  through  them.  However,  the  cardiac  entrance 
of  the  stomach  is  always  very  much  corroded  before  the  sphincter 
relaxes  for  admission  into  the  stomach. 

When  the  ingested  food  has  been  thoroughly  insalivated  or  is 
semisolid,  tliere  begins  to  be  a  departure  from  the  three-stage  act 
toward  the  force-pump  action  of  liquids.  When  the  food  is  very 
much  liquefied  the  latter  action  is  very  prominent;  so  that  any  fixed 
line  for  the  swallowing  of  food  or  liquids  does  not  exist. 

Nervous  Control  of  Deglutition. 

Deglutition  is  a  reflex  act.  Every  reflex  act  requires  an  afferent 
set  of  sensory  nerves,  a  reflex  center,  and  an  efferent  set  of  motor 
nerves,  that  of  swallowing  no  less  so  than  any  other.  The  sensory 
nerves  have  their  terminations  in  the  mucous  membrane  of  the 
pharynx  and  oesophagus,  including  branches  of  the  glosso-pharyngeal 
to  the  tongue  and  pharynx,  branches  of  the  fifth  to  the  soft  palate, 
and  the  superior  laryngeal  branch  of  the  vagus  innervating  the  glottis 
and  epiglottis.  The  reflex  center  lies  somewhere  forward  in  the 
medulla.  The  efferent  nerves  are :  branches  of  the  fifth,  which  sup- 
ply the  digastric,  mylohyoid,  and  muscles  of  mastication;  the  facial, 
which  supplies  the  levator  palati ;  the  glosso-pharyngeal  supplies  the 
muscles  of  the  pharynx.  Stimulation  of  central  end  of  the  superior 
laryngeal  calls  out  an  act  of  deglutition.  Stimulation  of  central  end 
of  the  glosso-pharyngeal  arrests  it.  The  inferior  laryngeal  branch 
of  the  vagus  innervates  the  muscles  of  the  larynx,  while  the  hypo^ 
glossal  is  distributed  to  the  intrinsic  muscles  of  the  tongue.  Division 
of  the  two  vagi  is  followed  by  paralysis  of  both  oesophagus  and 
stomach,  with  a  very  firm  contraction  of  the  circular  band  of  fibers 
guarding  the  cardiac  orifice.  Therefore  these  nerves  send  motor  fibers 
to  the  oesophagus  and  stomach,  but  inhibitory  ones  to  the  cardiac 
sphincter.  So  firm  is  the  tetanic  contraction  of  the  sphincter  that  if 
food  is  swallowed  after  division  of  the  vagi  it  accumulates  within  the 
oesophagus,  no  part  of  it  passing  into  the  stomach. 

The  act  of  swallowing  inhibits  the  vagus  center,  for  a  single  act 
of  deglutition  increases  the  pulse-rate.  This  influence  upon  the  heart- 
beat is  dependent  upon  neither  the  amount,  character,  nor  temperature 
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of  the  bolus  swallowed.    It  is  influenced  only  by  the  reflex  act  and 

the  siunmation  of  other  acts.     It  also  has  an  inhibitory  influence  upon 

the  respiration.     This  is  very  evident  during  rapid  drinking  in  an 

animal  with  a  tracheotomy  tube.     For  increasing  the  activity  of  the 

heart's  action  a  tablespoonful  of  water  taken  in  a  large  number  of 

.allows  is  more  beneficial  than  a  glass  of  wine  taken  in  one  swallow. 


THE  CHEMICAL  CHANGES  OCCURRING  IN  THE  MOUTH 

DURING  DIGESTION. 

As  before  stated,  the  chief  aim  of  digestion  in  the  animal  econ- 

oiny  is  the  reduction  of  the  alimentary  substances  into  a  soluble  and 

absorbable  condition,  so  they  can  pass  through  the  various  animal 

membranes  and  become  components  of  the  tissues  and  blood  of  the 

body.    No  matter  how  soft,  through  the  influence  of  insalivation,  or 

finely  divided  and  triturated  by  reason  of  mastication,  the  food  may 

be,  it  cannot  become  a  constituent  of  the  body  until  it  has  been  acted 

upon  chemically  and  dissolved  by  the  various  ferments  present  in  the 

different  digestive  fluids. 

When  food  enters  the  mouth,  the  commencement  of  the  digestive 
tract,  the  first  digestive  fluid  that  it  comes  in  contact  with  is  the 
saliva.  Besides  its  mechanical  functions  of  moistening  and  softening 
the  food  to  render  easier  the  task  of  swallowing  it  in  the  form  of  boli, 
it  performs  other  duties  of  a  chemical  nature. 

First,  by  reason  of  its  watery  base,  it  has  the  power  to  dissolve 
saline  substances,  the  organic  acids,  alcohols,  sugars,  and  a  few  other 
substances  soluble  in  water. 

Secondly,  it  has  the  power  to  transform  certain  materials,  as 
starches,  into  maltose,  a  form  of  sugar.  The  starch  must  have  its 
cellulose  coat  dissolved  by  boiling,  however,  for  the  ferment  in  saliva 
will  not  act  readily  upon  cellulose.  The  active,  transforming  prin- 
ciple in  saliva  is  an  unorganized  ferment,  or  enzyme,  to  which  the 
name  piyalin  has  been  given.  The  conversion  of  starch  into  dextrin 
and  maltose  by  it  is  known  as  the  amylolytic  action  of  saliva.  Its 
action  is  by  mere  contact,  for  no  appreciable  change  in  quantity  or 
character  is  noted  in  it  after  its  functions  are  performed,  and  so  active 
is  it  that  it  is  able  to  convert  two  thousand  times  its  own  weight  of 
Rtarch  into  dextrin  and  maltose. 

The  word  "ase"  is  given  to  an  enzyme,  and  this  is  preceded  by 
the  name,  or  its  root,  of  the  substance  upon  which  it  acts.  Thus, 
ptyalin,  an  amylase  (amylum,  starch),  breaks  up  starch  into  maltose. 
Thus,  saccharase  or  invertase  of  the  small  intestines  acts  on  saccha- 
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rose  and  produces  glucose  and  fructose,  which  can  be  absorbed  and 
assimilated. 

The  bacillus  coli  communis,  a  normal  denizen  of  the  large  intes- 
tine, secretes  lactase,  which  breaks  up  lactose. 

Lipase  or  steapsin  breaks  up  fats  into  fatty  acid  and  glycerin. 

We  have  proteases  which  break  up  the  proteids  into  peptones, 
and  the  peptones  into  amino-acids.  The  proteases  are  pepsin,  trypsin, 
erepsin,  and  enterokinase. 

We  have  the  coagulases,  such  as  rennin  and  the  fibrin  ferment 
(thrombase). 

Certain  fungi  (Russula  and  Boletus),  when  cut,  have  a  blue  or 
black  color  on  their  surface,  due  to  a  melanin  formed  by  an  enzyme, 
tyrosinase,  acting  on  ty rosin.  Both  these  bodies  are  free  in  the  plant, 
but  come  in  contact  when  the  tissues  are  injured.  Tyrosinase  exists 
in  animal  tissues.  Within  recent  times  it  has  been  found  that  malt- 
ase,  when  added  to  a  40  per  cent,  solution  of  glucose,  reverses  its 
action  and  builds  up  maltose  until  14  per  cent,  of  maltose  is  formed, 
when  it  stops.  This  resembles  a  chemical  action — constant  breaking 
down  of  maltose,  but  constant  building  up  at  the  same  rate.  Lipase 
has  a  similar  reversing  action,  but  it  has  not  been  found  true  for 
other  enzymes.  Hence  maltase  and  lipase  are  destructive  and  con- 
structive, and  may  be  agents  by  which  the  cell  maintains  its  nutri- 
tive balance  between  its  protoplasm  and  the  surrounding  extracellular 
lymph. 

The  hydrolytic  action  of  enzymes  upon  the  sugars  depends  upon 
their  stereo-isomeric  form.  From  glucose  and  methyl-alcohol  there 
results  Alpha-methyl-glucoside  and  Beta-methyl-glucdside.  If  the 
enzjTues  of  yeast  are  tested  on  these  two  compounds,  which  differ  only 
in  stereo-chemical  relationship,  it  is  found  that  only  the  Alpha-modi- 
fication is  hydrolyzed.  The  Beta  one  is  quite  resistant.  Hence,  accord- 
ing to  Fischer's  statement,  the  ferment  and  its  substance  must  fit  like 
the  lock  and  key,  or  the  reaction  does  not  occur. 

The  action  of  ferments  is  to  quicken  a  process  of  hydrolysis 
which,  without  their  presence,  would  take  a  long  time  for  its  accom- 
plishment. 

Ferments  do  not  initiate  a  chemical  action,  but  alter  the  velocitv 
of  reaction,  which  occurs  in  their  absence,  only  then  much  more 
slowly  or  much  more  quickly. 

Saliva,  as  it  appears  in  the  mouth,  is  a  thick,  glairy,  generally 
frothy  and  turbid  fluid.  It  is  a  mixed  fluid,  its  secretions  being 
derived    from    the    parotid,    submaxillary,    and    sublingual    salivary 
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glands,  and  contains  mucin  procured  from  the  labial,  lingual,  and 
liuccal  glands.  Then,  too,  it  contains  some  debris  of  food,  bacteria, 
an<i  the  so-called  salivary  corpuscles.  Its  thick,  ropy  nature  is  due 
to  the  presence  of  the  mucin  in  it.  Normal  saliva  is  alkaline  in 
reaction,  but  in  some  forms  of  dyspepsia  it  becomes  somewhat  acid. 
The  specific  gravity  ranges  from  1.002  to  1.006. 

The  amylolytic  action  of  saliva  is  sensitive  to  changes  of  tem- 
perature, a  low  temperature  either  retarding  its  action  or  stopping  it 
altogether,  while  increased  temperature  causes  greater  activity  until 
40**  C.  is  reached,  which  is  considered  the  optimum  point.     Above 
that  mark  the  heat  becomes  injurious. 

During  the  proper  mastication  and  insalivation  of  a  mouthful 
of  food,  there  occurs,  to  the  starches  present,  a  splitting  up  into  dex- 
trin and  maltose;  the  dextrin  is  later  converted  into  maltose  also. 
This  occurs  more  quickly  with  erythrodextrin^  which  gives  a  charac- 
teristic red  color  with  iodine,  than  with  achroodextrin,  which  gives  no 
color  with  iodine. 

The  amylolytic  action  of  saliva  is  best  favored  by  a  neutral 

medium,  although  it  can  take  place  when  the  environment  is  slightly 

alkaline  or  acid.     The  slightest  quantity  of  free  acid  in  excess  stops 

its  action  at  once.     Its  normal  condition  in  the  mouth  is  slightly 

alkaline  or  neutral.     In  these  media  the  splitting-up  process  takes 

place  quickly ;  but,  since  the  food  is  usually  held  in  the  mouth  for  so 

short  a  time,  all  the  starches  cannot  be  transformed  during  the  period 

of  mastication.     As  the  gastric  juice  contains  free  hydrochloric  acid, 

it  has  been  generally  thought  that  immediately  the  bolus  of  food  comes 

in  contact  with  the  gastric  juice  the  ptyalin.  of  the  saliva  is  killed  and 

its  amylolytic  action  stopped.     Recent  researches  have  proved  that  the 

transforming  continues  in  the  stomach  for  some  time  after  its  entry, 

tho  time  ranging  from  fifteen  to  thirty  minutes.     That  is,  until  (a) 

the  alkalinity  of  the  saliva  has  been  neutralized  and  (h)  until  a  trace 

of  free  hydrochloric  acid  remains  in  excess.     According  to  Veldin, 

free  hydrochloric  acid  does  not  occur  in  the  stomach  until  about 

three-fourths  of  an  hour  after  a  meal. 

The  action  of  saliva  upon  starch  is  very  readily  seen  by  test-tube 
experimentation.  In  a  tube  is  placed  a  quantity  of  boiled  starch, 
which  is  viscid  and  gelatinous  in  nature  and  rather  turbid  in  appear- 
ance. That  it  is  true  starch  may  be  shown  bv  the  iodine  test,  a  blue 
color  resulting.  With  the  starch  in  the  tube  is  mixed  a  quantity  of 
saliva.  Soon  there  is  a  marked  change:  the  solution  becomes  more 
water}'  and  thinner  and  the  turbidity  disappears.     On  boiling  a  por- 
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The  Eabmaxillar;  is  supplied  by  the  chorda  tympani,  which  contains 
If 0  kinds  of  fibers:  the  secretory  and  the  vasodilator.  If  you  give 
itropine  you  can  paralyze  the  endings  of  the  secretory  fibers  while 
the  vasodilators  still  continue  their  activity.  Injection  of  sodium 
bicarbonate  into  the  duct  of  Wharton  arrests  the  action  of  the 
secretory  fibers  and  leaves  intact  the  vasodilators.  Pilocarpine  and 
DiiiMarine  increase  the  flow  of  saliva  by  stimulating  the  endings 
of  the  chorda  tympani  and  will  remove  the  paralysis  caused  by 
tiropine.  Opium  makes  the  mouth  dry  by  acting  on  the  center  of 
sabvaiion.     The  salivation  by  mercury  is  due  to  excessive  metabo- 


Fig.  12. — Parotid  of  a  Rabbit  in  Frpsh  State.     (Lanolrt.)      (From 
Tigerntpdt's  "Human  PliyBioiogj-,"  eopyright,  IflOrt.  by  D.  Applpton  nnd 

Company.) 


lism  of  the  gland-cells  themselves.  When  the  chorda  is  stimulated 
bv  electricity,  the  pressure  in  the  excretory  duct  is  greater  than 
the  blood- pressure  of  the  animal.  During  this  stimulation  the  tem- 
perature is  elevated.  When  the  chorda  tympani  is  stimulated  the 
blood-vessels  of  the  gland  dilate  and  the  veins  are  red  and  pulsate 
because  the  arterial  blood  rushes  rapidly  through  them.  The 
antagonistic  nerve  which  slows  the  secretion  of  saliva,  both  in  the 
submaxillary  and  parotid  gland,  is  the  cervical  sympathetic.  At 
the  same  time,  owing  to  its  vaaoponstriotors,  the  blood-vessels  are 
contracted.    Hence  in  the  submaxillary  we  have  as  a  secretory  nerve 
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the  chorda  tympani;    in  the  parotid  the  auriculo-temporal.     The 
nerve  playing  against  them  both  is  the  cervical  sympathetic. 

The  parotid  gland  receives  fibers  from  the  bulbar  origin  of 
the  autonomic  system  through  the  glosso-pharyngeal,  then  by  the- 
tympanic  branch  of  this  nerve  or  nerve  of  Jacobson;    then  by  the 
small  superficial  petrosal  nerve  through  which  it  reaches  the  otie 
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t'ig.  12a. — Schema  of  Nerves  of  Parotid  Gland. 

OA,  Ganglion  of  Andersch.  IX,  Ninth  cranial  or  glosso-pharyngeal  nenre. 
JVJ,  Nerve  of  Jacobson,  or  tympanic  nerve.  VII,  Facial  nerve.  Ctg,  Geniculate 
ganglion.  OPN,  Great  petrosal  nerve.  8PN,  Small  petrosal  nerve.  V,  Fifth 
cranial  nerve.  IMN,  Inferior  maxillary  nerve.  AT,  Auriculo-temporal.  OO, 
Otic  ganglion.  HphO,  Spheno-palatine  ganglion.  CS,  Cervical  sympathetic. 
SCO,  Superior  cervical  ganglion.  8F,  Post-ganglionic  sympathetic  fibers.  P, 
Parotid. 

ganglion;  then  by  the  post-ganglionic  fibers  by  the  auriculo-tem- 
poral branch  of  the  inferior  maxillary  of  the  fifth  nerve  to  the 
parotid.  It  receives,  as  a  sympathetic  nerve,  post-ganglionic  fibers 
from  the  superior  cervical  ganglion,  which  reach  here  by  the  cervical 
sympathetic. 

The  submaxillary  and  sublingual  glands  receive  their  autonomic 
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fibers  by  the  chorda  tympani  branch  of  the  facial  nerve,  which, 

after  running  into  the  lingual  of  the  fifth  cranial  nerve  for  a  short 

length,  sends  its  secretory  and  vasodilator  fibers  to  the  sublingual 

ganglion  of  Ijangley  to  the  sublingual  glands,  whilst  the  others  pass 

bj  the  sublingual  ganglion  to  the  submaxillary  gland. 

The  submaxillary  ganglion  lies  at  the  point  of  departure  of 
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Fig.  12b' — Schema  of  Nenea  of  Submaxillary  Gland. 


PN,  Facial  nerre,  ChT,  Chorda  tympaoi.  Gg,  Geniculate  ganglion.  OG, 
Otic  ganglion.  IMNV,  Inferior  maxillary  of  the  fifth.  LN,  Lingual  nerve. 
HLG,  Sublingual  ganglion.  BG,  Submaxillary  gland.  C8,  Cervical  sympathetic. 
aCG,  Superior  cervical  ganglion.  ISF,  Post-ganglionic  sympathetic  fibers.  The 
chorda  tympani  also  contains  vasodilator  fibers  for  the  gland  and  the  cervical 
sjrmpathetlc  contains  vasoconstrictor  fibers. 

the  chorda  tympani  from  the  lingual,  but  only  the  nerves  going 
to  the  sublingual  of  Langley's  gland  are  connected  with  it.  The 
sympathetic  nerve,  as  with  the  parotid,  passes  up  the  cervical 
sympathetic  to  the  superior  cervical  ganglion,  and  then  to  the 
submaxillary  and  sublingual  glands. 

The  afferent  fibers  of  the  salivary  glands  are  the  taste  fibers 
in  the  chorda  tympani  and  glosso-pharyngeal,  with  the  branches 
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of  the  lingual.  The  chorda  tyiupani  fibers  run  to  the  geniculate 
ganglion  and  enter  the  brain  with  the  fibers  of  the  portio  inter- 
media of  the  seventh  nerve. 

The  afferent  fibers  of  the  glosso-pharyngeal  go  back  to  the 
otic  ganglion,  then  by  the  small  superficial  petrosal  nerve  and  tym- 
panic nerve  to  the  nucleus  of  the  glosso-pharyngeal. 

Trophic  and  Secretory  Fibers. 

There  are  two  kinds  of  fibers  going  to  the  salivary  glands.  If 
the  chorda  be  stimulated,  it  is  found  that  the  saliva  contains  more 
water  and  salts  in  proportion  to  the  organic  matter  than  existed 
before.  If  previous  to  the  stimulation,  the  gland  was  at  rest  and 
not  exhausted,  the  increase  of  the  stimulation  at  first  causes  a  rise 
in  the  percentage  of  organic  constituents,  and  this  rise  is  more 
notable  than  in  the  case  of  the  salts.  Hence  Heidenhain  held  that 
two  kinds  of  nerve-fibers  were  distributed  to  the  salivary  glands. 
One  governs  the  secretion  of  water  and  salts,  the  other  governs  the 
formation  of  the  organic  constituents  of  the  saliva;  the  former  he 
called  secretory  fibers,  the  latter  trophic.  The  sympathetic  mainly 
has  trophic  fibers,  the  chorda  chiefly  secretory  fibers. 

Pawlow  has  shown  in  the  dog  that  the  submaxillary  gland 
reacts  to  a  great  number  of  stimuli,  such  as  the  sight  of  food 
(psychical  secretion),  chewing  of  meats,  and  acids.  The  parotid 
reacts  only  when  dry  food,  dry  bread  or  dry  meat,  is  placed  in  the 
mouth.  Foods  with  a  large  amount  of  water  excite  a  little  flow  of 
saliva,  whilst  dry  foods  cause  a  more  abundant  flow.  Here  is  an 
adaptive  capacity  of  the  nerves  of  the  salivary  glands  to  the  char- 
acter of  the  food  chewed.  The  reflex  center  for  the  salivary  secre- 
tion is  situated  in  the  medulla  oblongata,  near  the  origin  of  the 
ninth  and  seventh  cranial  nerves.  The  afferent  nerves  are  the 
nerves  of  taste,  the  chorda  tympani  and  the  glosso-pharyngeal  and 
sensory  branch  of  the  trigeminus;  the  efferent  nerves  are  the 
auriculo-temporal  and  chorda  tympani. 

GASTRIC  DIGESTION  (DIGESTION  IN  THE  STOMACH). 

The  stomach  is  the  principal  organ  of  digestion.  As  we  know, 
digestion  has  for  its  aim  the  rendition  of  the  organic  and  inorganic 
substances  ingested  from  the  external  world  into  such  a  condition 
that  they  can  readily  mix  with  the  blood  and  so  be  introduced  into 
the  living  tissues  of  the  body.  For  no  animal  can  exist  which  does 
not  receive  njaterials  for  its  support  from  the  environing  media. 
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To  accomplish  this  aim  both  chemical  and  mechanical  changes  are 
clorsely  interwoven.  In  the  stomach,  as  one  of  the  principal  organs, 
is  performed  a  large'  and  important  share  of  the  whole  digestive 
process;  as  it  were,  it  is  one  of  the  large  departments  of  a  me- 
ehanical  and  chemical  laboratory  or  establishment  in  which  every 
department  is  working  toward  a  definite  end:  the  digestion  of  the 
Uyod.  Unlike  the  amylolytic  changes  of  the  saliva,  which  best  occur 
in  an  alkaline  solution,  stomachic  digestion  is  an  acid  digestion. 

The  stomach  is  the  first  organ  into  which  the  food  passes  as  it 
leaves  the  cesophagus.  It  is  the  most  enlarged  or  dilated  portion  of 
the  entire  alimentary  canal,  being  located  in  the  left  hypochondriac, 
epigastric,  and  right  hypochondriac  regions.  It  is  a  large  muscular 
pouch,  and  extends  from  the  oesophagus  to  the  small  intestine.  The 
greater  extremity  of  the  stomach  is  to  the  left  and  communicates 
with  the  oesophagus  by  the  cardiac  orifice.  The  pyloric  end  is  the 
lesser  extremity,  and  at  the  right  communicates  with  the  small 
intestine  by  the  pyloric  orifice. 

The  fundus  is  the  greater  extremity  of  the  stomach,  and 
projects  several  inches  to  the  left  of  the  cesophagus.  The  lesser 
extremity  for  about  two  inches  of  its  length  is  slightly  constricted, 
and  is  called  the  pyloric  antrum.  The  pyloric  orifice  is  the  entrance 
to  the  duodenum,  and  is  about  a  half-inch  in  diameter.  It  contains 
the  pyloric  sphincter,  or  valve. 

STRUCTURE  OF  THE  STOMACH. 

The  stomach  has  four  coats:  from  the  outside,  serous,  mus- 
cular, fibrous,  and  mucous.  The  serous  coat  is  derived  from  the 
peritoneum.  The  muscular  coat  contains  three  layers  of  unstriped 
muscular  fibers.  The  layer  of  longitudinal  fibers  is  continuous  with 
that  of  the  cesophagus,  from  which  it  radiates  over  the  stomach. 

The  middle  layer  is  composed  of  circular  fibers.  These  circular 
fil)er8  gradually  accumulate  toward  the  pyloric  extremity  and  form 
a  thick  band  known  as  the  pyloric  sphincter.  The  internal  layer 
consists  of  oblique  fibers.  The  submucous  coat  is  made  up  of 
areolar  tissue  and  forms  an  extensible  layer  upon  which  the  strength 
of  the  stomach  mainly  depends.  The  mucous  membrane  of  the 
stomach  is  soft  to  the  touch  and  of  a  pale-pinkish  color.  Under 
excitement  it  becomes  reddened.  During  digestion  and  w^hen 
inflamed  it  has  a  deep-red  hue.  It  is  thin  at  the  fundus  and 
gradually  thickens  toward  the  pyloric  extremity.  In  this  place  it 
ordinarily  is  in  a  state  of  wrinkles  or  rugse,  which  are  longitudinal 
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once  in  abont  every  two  or  three  minutes;  the  time  and  regularity 
are,  however,  much  influenced  by  the  quantity  and  quality  of  the 
food  ingested.  As  a  result  of  these  combined  movements,  not  only 
is  the  chjrmified  food  propelled  into  the  duodenum,  but  there  are 
get  up  regular  currents  among*  the  contents. 

Dr.  Cannon  has  studied  the  movements  of  the  stomach  in  cats 
by  means  of  the  Roentgen  rays.    He  states  that  the  stomach  con- 
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Fig.  15a. — Functional  Divisions  of  the  Stomach. 

The  fundus  senres  as  a  resenroir  in  which  the  food  is  gradually  mixed  with 
the  Ksjitric  Juice.  The  fundus  squeeses  the  food  into  the  tube  between  the 
fundus  'and  antrum,  called  the  pre-antral  or  middle  portion.  This  pre-antral 
tube  has  muscular  constrictions  about  every  fifteen  seconds.  In  the  pyloric  end 
the  forcible  and  active  movements  mix  the  food  with  the  gastric  Juice, 
rubbing  it  down  to  a  fluid,  which  is  gradually  forced  out  into  the  duodenum. 
(Hutchison.) 

sists  of  two  physiologically  distinct  parts:  the  pyloric  part  and  the 
fundus.  Over  the  pyloric  part  while  food  is  present  constriction 
waves  are  seen  continually  coursing  toward  the  pylorus.  The  fundus 
is  an  active  reservoir  for  the  food,  and  squeezes  out  its  contents 
gradually  into  the  pyloric  part.  The  stomach  is  emptied  by  the 
formation  between  the  fundus  and  the  antrum  of  a  tube  along  which 
the  constrictions  pass.  The  contents  of  the  fundus  are  pressed  into 
the  tube  and  the  tube  and  antrum  slowly  cleared  of  food  by  the 
waves  of  constriction.     The  constriction  waves  have  three  func- 
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tions:  the  mixings  trituration^  and  expulsion  of  the  food.  The 
stomach  movements  are  inhibited  when  the  cat  shows  anxiety,  rage, 
or  distress.  Cannon  has  observed  in  cats  that  carbohydrate  food 
appeared  in  the  intestine  in  ten  minutes,  while  proteid  did  not 
leave  for  an  hour.  Proteids  also  remained  in  the  stomach  twice 
as  long  as  the  fats. 

CLOSURE  OF  THE  PYLORUS. 

Each  time  the  acid  chyme  escapes,  it  sets  up  a  reflex  act  which 
temporarily  occludes  the  pyloric  orifice,  and,  at  the  same  time, 
inhibits  the  propulsive  movements  of  the  organ.  The  acid  mass  of 
chyme  escaping  the  pylorus,  excites  an  increased  secretion  of  pan- 
creatic juice  and  the  acid  is  gradually  neutralized.  When  this  is 
accomplished  the  escape  of  further  acid  chyme  is  permitted.  This 
regulatory  action  prevents  disorder  in  the  progress  of  digestion  and 
at  the  same  time  insures  regularity  in  the  transition  from  the  acid 
gastric  digestion  to  the  alkaline  intestinal  one.  The  opening  of  the 
pylorus  is  due  to  the  presence  of  free  acid  at  the  pylorus.  Both 
the  closure  of  the  pylorus  and  the  opening  of  the  pylorus  can  ensue 
without  the  intervention  of  the  nerves  going  to  the  stomach.  The 
acidity  of  the  contents  of  stomach  keeps  the  cardia  closed. 

THE  NERVOUS  CONTROL  OF  THE  STOMACH. 

As  known  to-day,  the  nerve-supply  to  the  stomach  is  from  both 
the  cerebro-spinal  system  and  the  sympathetic;  its  connection  with 
the  former  is  through  the  medium  of  the  vagi,  with  the  latter  by 
the  splanchnics  through  the  solar  plexus.  The  fibers  of  both  sys- 
tems distributed  to  the  gastric  muscles  are  nonmeduUated.  The 
functions  of  the  vagi  have  been  conclusively  proved  to  be  motor, 
for  when  they  arc  stimulated  by  chemical,  thennal,  or  other  irri- 
tants, there  results  a  peristalsis  throughout  the  whole  viscus.  On 
the  contrary,  the  fibers  from  the  sympathetic  system  are  inhibitory; 
when  they  are  stimulated,  peristalsis  is  stopped  and  there  is  dila- 
tation of  the  sphincter  pylori.  The  stomach  also  has  movements  of 
its  own  independent  of  the  central  nervous  system. 

THE  GASTRIC  JUICE. 

Gastric  juice  mixed  with  food  and  water  can  readily  be  obtained 
by  the  gastric  sound  or  stomach-pump.  Pure  gastric  juice  cannot  be 
procured  thus,  for  when  the  stomach  is  empty  the  flow  of  gastric 
juice  ceases  and  any  surplus  remaining  in  the  stomach  seems  to  be 
reabsorbed.    Its  flow  is  begun  again  only  as  the  result  of  stimuli; 
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the  natural  ones  and  those  producing  what  alone  may  be  termed 
normal  gastric  juice,  are  food  and  drink. 

Normal  gastric  juice  has  been  procured  by  feeding  an  animal 
a  fictitious  meal.  In  this  process  the  food  swallowed  does  not  reach 
the  stomach,  but  passes  out  of  the  oesophagus  through  a  fistula. 
The  eating  has  the  power  to  excite  reflexly  the  flow  of  the  secretion. 

Gastric  juice  thus  obtained  from  a  dog  is  a  "clear,  colorless, 
limpid  fluid,  very  acid,  and  peptic  in  nature.  The  liquid  is  prac- 
tically odorless;  if  there  is  any  odor  at  all  present  it  is  character- 
iistic  of  the  animal.  Its  specific  gravity  differs  very  little  from  that 
of  water"  (1002.5).  The  quantity  of  gastric  juice  secreted  daily  is 
about  one-tenth  the  weight  of  the  body. 

The  largest  constituent  of  the  gastric  juice  is  water.  In  man 
and  animals  it  is  remarkable  to  note  the  small  quantities  of  solid 
matters  present  and  then  view  the  immense  amount  of  woi*k  done 
by  them  in  the  digestive  processes.  Of  the  solids  present,  about  half 
are  inorganic  salts;  the  remaining  portion  comprises  the  organic 
ferment,  or  enzyme,  present  in  gastric  juice — ^pepsin. 

The  reaction  of  gastric  juice  is  undoubtedly  acid,  caused  by  the 
presence  of  free  hydrochloric  acid  (0.2  per  cent.).  In  the  pure 
secretion,  free  from  food,  it  has  been  demonstrated  that  the  only 
acid  is  liydrochloric.  Acid  is  necessary,  for  pepsin,  the  active  fer- 
ment of  gastric  juice,  can  act  only  in  an  acid  medium.  During 
digestion,  lactic,  acetic,  butyric,  and  other  acids  are  often  present, 
due  to  putrefactive  changes  and  the  presence  of  bacteria.  Pepsin 
can  act  in  the  presence  of  these  acids  as  media,  but  not  very  well. 

Schmidt's  analysis  of  the  composition  of  gastric  juice  is  as 
follows :  ^y^^y  dd4A0 

Solid  residue 5.60 

Organic  matter:                                                            1000.00 
Pepsin    3.19 

Inorganic  matter: 

Chloride  of  sodium    1.46 

^  Chloride  of  potassium 0.55 

*  Chloride  of  calcium 0.06 

Free  hydrochloric  acid   2.00 

Phosphate  of  calcium 1 

Phosphate  of  magnesium    >     0.12 

Phosphate  of  iron J 


Secretion  of  the  Gastric  Juice. 

Imbedded  in  the  mucous  membrane  of  the  walls  of  the  stomach 
are  two  sets  of  secretory  apparatus:  the  cardiac  and  pyloric  glands. 
Xaturally  the  products  of  these  glands  diflfer  somewhat  in  their  char- 
acters ;  so  that  the  gastric  secretion  33  a  unit  is  a  mixed  body,  or  solu* 
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tion.  This  ^^mixed'^  gastric  juice  is  a  secretion  compound  of  a  very 
small  percentage  of  free  hydrochloric  acid  together  with  the  proteo- 
lytic ferment,  pepsin,  in  a  rather  saline  solution.  We  know  that  the 
pepsin,  for  instance,  of  the  gastric  juice,  is  not  found  as  such  in  the 
blood,  requiring  only  to  be  filtered  from  the  same  for  use,  but 
that  it  is  the  result  of  the  activity  of  the  cells  and  yielded  by  them. 

A  characteristic  microscopical  feature  of  the  cells  of  secretory 
glands  in  general  is  that  the  protoplasmic  portions  are  crowded  with 
fine  granular  bodies  before  secretion,  but  that  during  and  particularly 
after  secretion  their  numbers  are  very  perceptibly  diminished.  From 
this  it  was  inferred  that,  while  the  granules  might  not  in  themselves 
represent  the  important  ingredients  of  the  various  secretions,  yet  they 
were  responsible  and  directly  concerned  in  their  manufacture. 

The  cardiac  glands  are  composed  of  two  distinctive  types  of  cells : 
columnar  epithelium  lining  the  lumen  and  the  large  spherical  or 
oval  cells  located  on  the  periphery.  The  former  are  termed  chief,  or 
central,  the  latter  parietal,  cells. 

The  pyloric  glands  are  constructed  of  but  the  one  kind,  epithelial 
in  nature,  similar  to  those  found  in  the  cardiac  cells  and  termed 
chief,  or  central. 

The  central  cells  of  both  the  cardiac  and  pyloric  glands  are  found 
to  be  heavily  charged  with  minute  granules  before  digestion ;  in  fact, 
such  numbers  are  present  as  to  interfere  with  the  staining  of  the  cells 
with  aniline  dyes,  because  of  the  protoplasm  being  obscured.  During 
secretion  some  of  the  granules  are  discharged  into  the  lumen,  pre- 
sumably through  the  protoplasmic  movements  of  the  cells  as  agents 
or  media.  After  digestion,  therefore,  the  cells  show  a  difference, 
principally  in  that  there  is  a  decrease  in  the  number  of  granules 
present,  manifested  by  either  a  clear  path  along  the  periphery  or  by  a 
slirunken  appearance  of  the  cells  with  fewer  granules.  The  material 
for  the  formation  of  these  granules  is  taken  by  the  cells  from  the 
lymph  which  constantly  bathes  them,  and  through  the  influence  of  the 
protoplasm  is  manufactured  into  granules. 

The  central  are  the  cells  which  are  directly  concerned  in  yielding 
the  very  important  and  proteolytic  element  of  the  gastric  juice,  the 
pepsin.  Without  its  presence  in  an  acidulated  medium,  the  normal 
processes  of  proteolysis  are  unable  to  be  accomplished  in  the  stomach. 
These  granules  are  not  pure  pepsin  to  be  passed  along  the  lumen  and 
so  enter  the  composition  of  the  gastric  juice,  but  are,  rather,  a  zymo- 
gen substance  acting  as  a  precursor,  which  is  readily  converted  into 
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pepsin   through   the   influence   of   the   acid.     To   this   intermediate 
substance  has  been  given  the  name  pepsinogen. 

The  large  oval  or  parietal  cells  also  contain  granules  which  arc 
very  few  in  number  and  small  in  size,  though  quite  distinct.  Th(?se 
are  very  constant  in  quantity,  tlie  cells  showing  mainly  differences  in 
size.  Thus,  before  secretion,  they  are  swollen;  afterward,  shrunken. 
They  are  frequently  termed  oxyntic,  as  they  are  thought  to  secrete 
hydrochloric  acid,  one  of  the  essential  compounds  of  the  gastric  secre- 
tion. The  exact  process,  however,  is  still  shrouded  in  mystery.  It 
is  thought  to  result  from  a  simple  process  of  diffusion  in  the  parietal 
cells  of  chlorides  taken  from  the  blood,  for  during  secretion  the 
quantity  of  chlorides  leaving  the  blood  through  the  kidneys  is  dimin- 
ished. Maly's  theory  with  regard  to  this  is  very  satisfactory.  In  it 
he  claims  that  the  acid  originates  by  the  interaction  of  the  calcium 
chloride  with  the  disodium  hydrogen  phosphate  of  the  blood.  The 
interaction  is  simplified  by  the  following  equation  of  Maly's: — 

2Xa,HP04  +  3CaCU  =  Ca3(POj2  +  4NaCl  +  2HC1 
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The  stimulus  to  the  secretion  of  HCl  is  the  presence  of  free 
chlorine  ions  on  the  inner  side  of  the  stomach's  glands.  If  chlorine, 
ions  are  absent  in  the  stomach  then  no  HCl  is  formed.  If  the  ani- 
mal be  fed  on  bromides  instead  of  chlorides,  then  hydrobromic  acid 
is  formed  in  place  of  HCl.  The  glands  of  the  stomach  do  not  permit 
chlorine  ions  to  go  through  them,  whilst  free  hydrogen  ions  whicli 
exist  in  the  blood  go  through  the  glands  into  the  stomach  and  II CI 
is  formed. 

Formed  in  the  central  cells  is  another  zymogen  than  pepsinogen, 
which,  when  mixed  with  acid,  produces  an  enzyme,  or  ferment,  known 
as  rennin.  This  ferment  has  the  power  to  coagulate  milk,  f()rmin<r 
casein.  Rennin  is  found  wherever  pepsin  is  manufactured,  although 
distinctlv  different  in  character  and  action. 

The  fluid  is  not  poured  out  at  the  same  rate  from  the  beginning 
to  the  end  of  digestion.  The  Mett  method  of  preparing  the  proteid  is 
to  fill  a  glass  tube,  one  to  two  millimeters  in  diameter,  with  egg- 
albumin  and  coagulate  it  at  95°  C.  The  tube  is  then  cut  into  small 
pieces  and  placed  in  1  or  2  cubic  centimeters  of  the  juice  to  be  investi- 
gated. The  law  of  Schuetz  is  as  follows :  the  quantity  of  pepsin  in 
the  compared  liquids  is  proportionate  to  the  square  of  the  rapidity  of 
digestion ;  that  is,  the  square  of  the  column  of  proteid  in  a,  Mett  tube 
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expressed  in  millimetera  which  the  juices  are  capable  of  digesting  in 
the  same  period  of  time.  If  one  of  the  fluids  digest  a  column  of  2 
millimeters  of  proteld  and  the  other  a  column  of  3  millimeters,  the 
relative  (luantity  of  pt'i)6in  in  each  is  not  expressed  by  the  figures  3 
and  3,  respectively,  but  by  the  squares  of  them;  that  is,  4  and  9; 
80  that  the  second  liquid  is  two  and  one-fourth  times  stronger  than 
the  first. 

Not  only  the  quantity  of  the  secretion  varies,  but  the  secretion 
varies  in  coitipoBition  with  a  greater  or  less  quantity  of  ferment. 
Other  properties  of  the  juice  are  likewise  varied.     In  one  and  the 


Fig.  10. — Hourly  Variations  of  the  Secretion  of  Oastric  Juice  in  the  Dc^ 
after  a  Meal  of  Meat,  Bread,  and  Mi)k.     (Pawiaw.) 

same  juice  the  ilifTorent  ferments  may  sulTer  variations,  running 
courses  indepcndt'ntly  of  each  other,  a  fact  which  undoubtedly  shows 
tliat  the  pancreas,  which  has  a  complex  chemical  activity,  is  able  to 
furnish,  during  given  periods  of  its  secretory  work,  now  one  pro- 
duct and  now  another.  That  which  may  be  said  of  the  ferments 
may  also  he  applied  to  the  quantities  of  the  salts  in  the  juices.  The 
gastric  juice  always  has  the  same  acidity  as  poured  out  by  the  glands, 
but  on  leaving  the  glands  and  running  over  the  walls  of  the  stomach, 
the  nnicus  can  neutralize  25  per  cent,  of  it.  The  food  also  neutralizes 
the  acid. 

.\t  the  beginning  of  digestion,  when  the  quantity  of  food  is  large 
and  its  cxtornnl  slnicturo  ctill  marse,  the  strongest  juice  should  be 
[Kturcd  out  when  m.>st  mi-diil.  The  gn^nlest  digestive  power  belongs 
to  the  juiit'  pouri'd  out  on  bread,  whicJi  might,  for  brevity,  be  called 
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"lurad-juice";  the  next  strongest  is  "flesh-juice,"  and  then  comes 
"niilk-juife,"'  In  otiier  words,  "bread-juice"  contains  four  times  as 
iiiui'h  ferment  as  "inilk-juice."  Not  alone  the  digestive  power,  but 
likewise  the  total  acidity,  varies  according  to  the  nature  of  tlie  diet. 
Comparing  equivalent  weight,  flesh  requires  the  most  and  milk  the 
least  gastric  juice;  but  taking  equivalents  of  nitrogen,  bread  needs 
the  most  and  flesh  the  least.  The  hourly  intensity  of  gland  work  is 
almost  equal  in  the  case  of  milk  and  flesh  diets,  but  far  less  with 
liread.  The  bread,  however,  exceeds  all  others  in  the  time  required 
for  its  digestion,  and  the  duration  of  the  secretion  is  correspondingly 
protracted. 


I  ^  < 

i1 


¥ig.  17. — Hourly  VariationH  of  the  Digestive  Power  of  the  Gaatrio 
.Tuice  In  the  Dog  after  h  Meal  of  Meat,  Bread,  and  Milk.  (PawuiW, 
(!utT.) 

Each  separate  kind  of  food  corresponds  to  a  definite  hourly  rate 
of  secretion,  and  calls  forth  a  characteristic  alteration  of  the  proper- 
Ires  of  the  juice.  Thus,  with  flesh  diet,  the  maximum  of  secretion 
nccurs  during  the  first  or  second  hour,  and  in  both  the  quantity  of 
juice  furnished  is  approximately  the  same.  With  bread  diet  we  have 
always  a  sharply  indicated  maximum  in  the  first  hour,  and  with  milk 
a  similar  one  during  the  second  or  third  hour.  On  the  other  hand, 
the  most  active  juice  occurs  with  flesh  in  the  first  hour,  with  bread 
in  the  second  and  third  hours,  and  with  milk  in  the  last  hour  of  secre- 
tion. The  point  of  maximum  outflow  as  well  as  the  whole  curve  of 
secretion  is  always  characteristic  for  each  diet.  On  proteid  in  the 
form  of  bread,  five  times  more  pepsin  is  poured  out  than  on  the  same 
quantity  of  proteid  in  the  form  of  milk,  and  the  flesh-nitrogen  re- 
quires 25  per  cent,  more  pepsin  than  that  of  milk.     These  different 
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kinds  of  proteid  receive,  therefore,  quantities  of  ferment  correspond- 
ing to  tlie  differences  in  their  digestibility,  which  we  already  know 
from  experiments  in  physiological  chemistry. 

Excitants  of  Flow  off  Gastric  Juice. 

Before  the  dog  adapted  for  sham  feeding,  Pawlow  cut  up  meat 
and  sausage,  when  he  obtained  a  great  flow  of  gastric  juice,  more  so 
than  when  he  fed  the  dog  with  them ;  they  escaped  by  the  oesophagus. 
Here  is  a  psychic  excitation  of  the  gastric  secretion,  which  plays  a 
considerable  part  in  the  production  of  gastric  juice  in  the  sham  feed- 
ing experiment. 

The  appetite  is,  then,  the  first  and  mightiest  exciter  of  the  secre- 
tory nerves  of  the  stomach.  A  good  appetite  in  eating  is  equivalent 
from  the  outset  to  a  vigorous  secretion  of  the  strongest  gastric  juice. 
Sham  feeding  of  five  minutes  does  not  call  forth  a  secretion  for  longer 
than  three  to  four  hours. 

Mechanical  excitation  of  the  mucous  membrane  of  the  stomach 
does  not  cause  the  fiow  of  gastric  juice.  Sodium  bicarbonate  in  the 
stomach  inhibits  its  secretion.  Liebig's  extract  or  meat-broth  intro- 
duced into  the  stomach  increases  the  secretion  of  gastric  juice.  Fat 
in  the  stomach  inhibits  the  psychic  secretory  action  of  the  stomach 
upon  meat.  The  fat  of  milk  can  inhibit  its  digestion  to  a  certain 
extent. 

The  secretory  activity  of  the  stomach  depends  on  nervous  pro- 
cesses. In  the  immense  majority  of  cases  gastric  digestion  begins  by 
a  strong  central  excitation  of  the  secretory  and  trophic  fibers  of  the 
glands. 

.  Popielski  has  shown  that  a  stomach  with  all  nervous  connections 
severed  will  secrete  gastric  juice,  if  extracts  of  meat  are  placed  in  the 
stomach.  Edkins  believes  this  secondary  secretion  of  gastric  juice 
to  be  due  to  the  action  of  the  products  of  digestion  on  the  pyloric 
mucous  membrane.  They  produce  in  the  membrane  a  chemical  sub- 
stance, which  is  absorbed  into  the  circulation,  and,  conveyed  to  the 
glands  of  the  stomach,  it  acts  as  a  specific  excitant  of  their  secretory 
activity.  Starling  calls  it  a  gastric  secretion  or  gastric  hormone, 
similar  to  the  secretin-exciting  pancreatic  secretion. 

Secretory  Nerves  off  the  Stomach. 

In  a  dog  with  a  cannula  in  the  stomach  and  the  oesophagus 
opened  so  that  food  leaving  the  mouth  goes  through  the  opening  in 
the  cpsophagus,  and  not  into  tlie  stomach  ("sham  feeding"),  the  swal- 


DIGESTION. 


81 


lowing  of  food  caused  a  great  increase  of  flow  of  gastric  juice.  If^ 
now.  the  pulmonary  and  abdominal  vagi  are  divided  on  both  sides, 
then  sliara  feeding  causes  no  flow  of  gastric  juice.  These  experiments 
show  that  the  gastric  glands  receive  their  normal  impulses  to  activity 
/;r  means  of  nerve-fibers  in  the  vagi.  Pawlow  believes  that  secretory 
norves  of  the  stomach  run  in  the  vagi.  Pawlow  also  excited  the  vagi 
after  a  previous  section  for  some  days  and  obtained  an  increase  of 


II. 


Fig.  18. — I)og*H  tStoiiiueh.     (Pawix)W.) 

I.    A'B,     Line  of  inclfllon.     C,  Flap  for  forming  stomach-pouch  of  Pawlow. 
II.     r.  Cavity  of  large  stomach.    S,  Pawlow's  pouch,  or  small  stomach.    A,  A, 
Abdominal   wall. 

gastric  secretion.  Atropine  paralyzes  the  secretory  nerves  of  the 
stomach.  By  the  secretory  fibers  we  mean  those,  according  to  Heid- 
enheim,  which  stir  up  the  secretion  of  water  and  inorganic  salts  of 
the  gastric  juice.  The  trophic  fibers  are  concerned  in  tlie  secretion  of 
the  ferment  of  the  gastric  juice.  Sooner  or  later  after  the  taking  of 
foo<l  the  influence  of  the  reflex  excitant  comes  into  ])hiy,  while  the 
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psychic  effect  dies  out.  If  meat  has  been  eaten,  the  secretory  center 
will  still  be  strongly  excited  in  a  reflex  manner  from  the  stomach  and 
intestine,  while,  at  the  same  time,  the  tropliic  center  i-eccives  only 
weak  impulses  from  the  peripheral  terminations  of  the  nerves  in  ques- 
tion. When  bread  is  eaten  the  reverse  happens.  After  the  cessa- 
tion of  the  psychical  stimulus,  the  secretory  fibers  are  now  only  weakly 
excited  tlirough  the  end-apparatus;  the  trophic,  on  the  other  hand, 
are  strongly  influenced.  In  tlie  case  of  fat  foods  reflex  inhibitory 
impulses  proceed  to  the  centers  which  affect  the  activity  of  both  secn*- 
tory  and  trophic  nerves. 

ACTION  OF  AGENTS  ON  THE  STOMACH. 

When  absolute  alcohol  or  a  strong  emulsion  of  oil  of  mustard  was 
introduced  in  the  small  stomach  (Pawlow^),  there  was  an  enormous 
secretion  of  mucus. 

Ice-cold  water  in  the  large  stomach  (Pawlow)  causes  the  secre- 
tion,  which  is  subsecjuently  produced  by  an  ordinary  meal,  to  be  lew 
than  normal,  more  especially  in  the  first  hour;  here  is  a  special 
inhibitory  reflex. 

When  alcohol  is  poured  into  the  large  stomach  (Pawlow)  an 
extremely  free  secretion  of  gastric  juice  begins  in  the  small  stomach 
(Pawlow).  The  secretion  in  the  small  stomach  was  compensatory 
for  the  arrested  S(»cretion  in  the  large  stomach. 

In  hy])ersecreti()n  of  the  stomachs  of  dogs  he  found  sodium  bicar- 
bonate to  have  a  good  effect.  In  hyposecretion  he  found  water  a 
good  agent. 

Borrisow  has  shown  that  bitter  substances,  such  as  gentian,  cveite 
the  flow  of  gastric  juice. 

Hydrochloric  acid,  when  scvreted  in  considerable  quantity,  pre- 
v(»nts  further  secretion  of  gastric  juice.  Phosphoric  acid  does  not 
inhibit.     Butyric  acid  strongly  excites  gastric  secretion. 

ACTION  OF  THE  GASTRIC  JUICE. 

The  amylolytic  action  of  the  saliva,  the  conversion  of  starch  into 
maltose,  is  dependent  upon  the  presence  of  ptyalin,  an  organic  fer- 
ment whose  action  is  best  carried  on  in  a  neutral  or  alkaline  medium. 
The  proteolytic  action  of  the  gastric  juice  is  due  to  the  presence  of  its 
organic  ferment,  or  enzyme, — pepsin, — in  an  acid  medium.  A  par- 
tial digestion  of  certain  foodstuffs  can  be  accomplished  in  an  acid 
solution,  if  given  sufficient  time  and  the  })roper  temperature.  There 
is,  however,  a  strong  tendency  toward  putrefaction  during  the  pro- 
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teids  are  incapable  of  diffusion  through  animal  membranes  in  the 
act  of  absorption. 

Thus  it  can  safely  be  stated  that  the  prime  and  essential  func- 
tion of  the  gastric  secretion  is  to  dissolve  the  proteids  present  and 
convert  them  into  peptones. 

Gastric  juice  exercises  no  amylolytic  influences  upon  any  starch 
present;  in  fact,  three-fourths  of  an  hour  after  a  meal,  the  action 
going  on  due  to  the  saliva  swallowed  with  the  food  is  stopped  alto- 
gether by  reason  of  traces  of  free  hydrochloric  acid  secreted  by  the 
oxyntic  cells. 

There  is  a  fat-splitting  ferment  in  the  gastric  juice  of  the  fundus. 

Those  mineral  matters  which  can  be  dissolved  in  hydrochloric 
acid  of  the  strength  of  that  found  in  the  gastric  juice  are  also  dis- 
solved in  the  stomach.  The  degree  of  solubility  and  efficiency  at- 
tained by  the  gastric  secretion  far  surpasses  that  of  simple,  diluted 
acid,  probably  because  of  the  pepsin  found  in  the  former. 

Although  the  amylolytic  action  of  the  saliva  on  starch  takes  place 
for  a  definite  interval,  the  gelatinous  envelopes  of  the  fat-globules  and 
mineral  substances  are  dissolved  within  the  receptacle  of  the  stomach, 
yet  the  essential  and  characteristic  feature  of  the  work  to  be  done 
there  is  on  the  proteids :  converting  them  into  peptone  through  the 
action  of  proteolysis. 

The  proteids  found  in  Nature  are  very  complex  and  as  yet  not 
thoroughly  known.  However  much  they,  as  individuals,  may  differ 
in  composition,  reactions,  etc.,  yet  they  all  possess  an  inherent  ten- 
dency to  undergo  hydrolytic  decomposition  when  conditions  are  favor- 
able. Hydration  and  cleavage  can  be  induced  by  simple  heating  in 
water  alone  raised  to  the  temperature  of  100°  C,  for  there  results  par- 
tial solution  of  the  proteids  during  the  process.  The  proteolytic  pro- 
cess of  the  gastric  secretion  in  its  converting  proteids  into  peptones 
is  also  one  of  hydration  and  cleavage.  The  final  products  are  not  the 
result  of  one  simple  step,  not  the  formation  of  one  simple  body  or 
substance,  as  when  the  proteids  are  acted  on  by  heated  water  alone. 
The  acid  in  gastric  digestion  induces  a  row  of  chemical  changes  and 
products,  each  separate  and  distinct,  and  capable  of  being  recognized 
by  certain  reagents. 

By  the  action  of  pepsins-acid  the  proteid  is  first  changed  into  (1) 
syntonin,  or  acid-alhumin.  By  further  action  of  the  ferment,  the 
acid-albumins  are  changed  into  (2)  proteoses,  with  their  divisions  into 
primary  and  secondary  proteose.  The  proteoses  are  the  intermediate 
products  between  acid-albumins  and  peptones.     These  are  found  un- 
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ier  various  names  in  this  group;  as,  the  proteoses  may  be  derived 
from  albumin,  when  they  are  called  albumoses;  or  from  globulin, 
when  the  name  globuloses  is  used.  The  proteoses  are  soluble  in  warm 
water,  acids,  and  the  alkalies.  They  are  only  slightly  diffusible  and 
not  coagulated  by  the  action  of  heat.  Nitric  acid  produces  a  white 
precipitate,  which  is  colored  yellow  by  heat  and  dissolved  again. 
When  cool,  the  precipitate  occurs  again ;  this  recurrence  of  the  pre- 
cipitate upon  cooling  is  a  distinctive  feature  of  proteoses.  Ammo- 
nium sulphate  precipitates  proteoses  and  leaves  the  peptones  in 
solution. 

By  the  continued  proteolytic  action  of  the  gastric  juice,  the 
proteoses  are  changed  into  (3)  peptones,  the  final,  diffusible  products 
of  gastric  digestion.  They  are  simply  the  result  of  a  process  of 
hydration. 

The  peptones  are  very  diffusible,  particularly  in  acid  solution. 
The  utility  and  benefit  to  be  derived  from  that  characteristic  is  very 
evident  when  we  keep  in  mind  the  chief  aim  of  digestion,  which  is  to 
render  foodstuffs  into  soluble  conditions  so  that  they  may  be  readily 
absorbed  and  so  become  a  component  of  the  blood  and  eventually  of 
the  tissues. 

The  peptones  are  soluble  in  water,  but  not  precipitated  from 
their  aqueous  solutions  by  the  addition  of  acids  or  alkalies,  or  by  boil- 
ing.    In  fact,  peptones  are  never  coagulated  by  heat.     They  are  not 
precipitated  by  nitric  acid,  copper  sulphate,  ammonium  sulphate,  and 
a  number  of  other  reagents  usually  held  as  precipitants  of  proteids. 
To  differentiate  albumoses  from  peptones,  add  a  few  drops  of 
salicyl-sul phonic  acid  to  several  cubic  centimeters  of  the  original  fluid. 
A  white  precipitate  may  indicate  native  proteid  or  proteoses.     Boil, 
tJien    the  proteoses    dissolve,    whereas    the    native    proteid    becomes 
coagulated.     Filter  hot.     If  a  precipitate  forms  in  the  filtrate  on 
cfxiling,  it  indicates  proteoses.     Filter  off  this  precipitate  and  apply 
the  biuret  test  to  filtrate.     A  rose-pink  coloration  indicates  peptone. 
However,  the  chief  and  striking  feature  of  peptones  is  their  great 
diffusibility.     Other  fonns  of  proteid  matter  pass  through  animal 
membranes  with  very  great  difficulty,  if  at  all. 

When  the  proteids  have  been  reduced  to  peptones,  they  are  ready 
for  absorption  into  the  blood  through  the  capillary  walls.  However, 
proteoses,  the  intermediate  products,  although  less  diffusible  than 
peptones,  find  their  way,  to  some  extent,  also,  through  the  capillary 
walls.  Experiment  has  demonstrated  that  pure  proteoses,  or  even 
peptones,  introduced  directly  into  the  blood  are  more  or  less  toxic, 
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and  the  system  behaves  toward  them  as  foreign  bodies^  striving  to  get 
rid  of  them  as  speedily  as  possible.  From  this  it  is  evident  that 
there  must  be  some  transformation  in  the  very  act  of  diffusion  through 
the  capillary  walls,  else  the  nutritious  proteid  matters  are  not  used  in 
constructive  metamorphosis,  but  expelled  as  foreign  matters.  The 
agencies  which  act  upon  these  proteoses  and  peptones,  in  some  manner 
destroy  their  toxic  tendencies  and,  probably,  convert  them  into  the 
serum-albumin,  or  globulin,  of  the  blood.  The  fact  that  peptones  are 
not  found  in  the  blood  and  lymph  during  or  directly  after  digestion 
confirms  this  idea,  since  peptones  are  absorbed  as  soon  as  manu- 
factured. An  excess  of  peptone  in  the  stomach-contents  would  have 
the  power  to  arrest  proteolysis  by  its  mere  presence.  A  preparation 
on  the  market  is  somatose,  a  mixture  of  albumoses  produced  by  the 
action  of  a  ferment  on  meat.  It  is  a  predigested  beef,  and  readily 
absorbed.  It  dispenses  with  the  large  amount  of  fluid  which  is  neces- 
sary in  peptonized  milk. 

Weinland  has  shown  that  the  epithelium  of  the  stomach  and  of 
the  intestines  forms  antipepsin  and  antitrypsin,  which  prevent  diges- 
tion of  the  stomach  itself  or  of  the  intestine,  by  the  ferments,  pep- 
sin and  trypsin. 

Antiseptic  Action  of  the  Hydrochloric  Acid  in  Gastric  Jnice. 

Besides  the  function  which  hydrochloric  acid  exercises  as  a  com- 
ponent of  the  gastric  secretion, — namely:  of  rendering  the  pepsin 
in  it  active, — it  possesses  another  very  powerful  property  as  a  dt»- 
infectant  and  germicide  in  that  it  can  kill  many  bacteria  that  are 
taken  in  with  the  food.  By  means  of  it  the  bacteria  producing 
putrefaction  are  killed,  and  thus  disorders  in  the  entire  constitution 
as  a  result  of  abnormal  digestion  are  prevented.  Even  when  putre- 
faction has  occurred  in  the  food  previous  to  its  entrance  into  the 
stomach,  upon  reaching  this  receptacle  it  is  stopped. 

Many  pathological  bacteria  are  likewise  destroyed  by  the  acid  in 
the  juice,  although  some,  as  the  bacillus  of  tuberculosis  and  that  of 
splenic  fever,  are  unaffected.  It  is  interesting  to  note  that  experi- 
ment has  shown  that  just  about  the  amount  and  strength  of  hydro- 
chloric acid  as  that  in  the  stomach  is  needed  outside  the  body  to  ac- 
complish the  death  of  putrefactive  and  many  pathological  germs. 
Acetic  and  lactic  fermentations  are  arrested  by  mere  traces  of  hydro- 
chloric acid. 

To  epitomize :    The  general  action  of  gastric  juice  is  to  convert 
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the  pruteids  into  peptones  by  various  stages.  The  fats  are  split  up 
by  a  gastrie  lipase.    Starch  is  unaffected. 

The  general  result  is  the  formation  of  a  souplike  mass  in  the 
stomach.  This  undigested  food  is  passed  through  the  pylorus  into 
the  duodenum  of  the  small  intestine^  and  is  called  chyme.  The 
average  time  that  food  remains  in  the  stomach  is  about  three  hours. 

Otnzbnrg'B  Test  for  Hydrochlorio  Acid. — With  a  solution  of 
phlorogluein  and  vanillin  in  alcohol  mix  a  drop  of  a  solution  of 
hydrochloric  acid,  0.2  per  cent. ;  evaporate  slowly  in  a  porcelain  cap- 
sule, when  a  red  color  will  appear. 

Vffelmann'i  Test  for  Lactic  Acid. — Add  a  trace  of  solution  of 
ferric  chloride  to  a  1-per-cent.  solution  of  carbolic  acid.  This  ame- 
thyst-colored solution  will  change  to  canary  yellow  on  the  addition 
of  lactic  acid. 

VOMITING. 

Vomiting  is  a  spasmodic  rejection  of  food  from  the  stomach,  and 
IB  usually  a  sign  of  some  malady.  The  ease  with  which  animals  vomit 
IB  dependent  upon  the  conformation  of  the  stomach,  particularly  with 
regard  to  the  fundus,  as  well  as  the  condition  of  its  contents.  Thus, 
a  child  vomits  easily,  since  its  fundus  is  not  very  well  developed; 
with  the  adult  the  act  is  one  of  great  difficulty. 

When  the  person  is  conscious,  vomiting  is  usually  preceded  by  a 
sensation  of  nausea,  during  which  the  saliva  flows  very  freely  into 
the  mouth.  While  the  food  is  being  swallowed  considerable  air  enters 
the  stomach,  and  later  assists  actual  vomiting  by  helping  to  dilate  the 
cardiac  orifice.  Before  the  real  expulsion  occurs,  and  during  the 
efforts  to  accomplish  the  same,  a  very  deep  inspiration  is  taken  just 
as  in  the  act  of  coughing.  Immediately  the  glottis  closes,  and  the 
muscles  of  the  abdomen  commence  to  contract  very  actively.  In- 
stead of  the  glottis  opening  to  permit  an  expiration,  it  remains  tightly 
closed,  thereby  holding  the  diaphragm  immovably  fixed,  and  so 
furnishing  an  unresisting  plane  against  which  the  stomach  is  pressed. 
Immediately  preceding  the  pressure  brought  to  bear  upon  the 
stomach  by  the  contraction  of  the  abdominal  muscles,  there  occurs 
a  shortening  of  the  longitudinal  fibers  of  the  oesophagus,  thereby 
bringing  the  cardiac  orifice  of  the  stomach  nearer  the  diaphragm, 
to  form  a  straight  passageway  for  the  vomit  to  the  pharynx.  The 
muscles  of  the  sphincter  at  the  cardiac  orifice  are  rather  suddenly 
dilated,  forming  a  funnel-shaped,  opening  at  the  beginning  of  escape, 
since  the  pylorus  usually  remains  closed.    By  thQ  abdominal  con- 
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tractions  and  slightly  assisted  by  gastric  movements  also^  some  of  the 
contents  of  the  stomach  is  forced  into  the  opening  of  the  cesophagus, 
where  its  movement  toward  the  pharynx  and  mouth  is  aided  by  con- 
tractions of  the  oesophageal  circular  fibers :  the  reverse  of  what  occurs 
when  a  bolus  of  food  is  swallowed. 

Thus  there  are  two  separate  and  distinct  acts  occurring  during 
vomiting:  (a)  the  dilating  of  the  cardiac  sphincter  and  (6)  the 
expulsive  movements  of  the  abdominal  muscles.  The  absence  of 
either  act  is  detrimental  to  the  accomplishment  of  vomiting.  The 
pyloric  gate  is  usually  closed  during  vomiting;  so  that  little  or  no 
substances  find  their  way  into  the  duodenum.  However,  when  the 
gall-bladder  is  very  full,  the  movements  of  the  surrounding  organs 
force  its  contents  into  the  duodenum  and  very  frequently  some  of  the 
bile  finds  its  way  into  the  stomach,  from  whence  it  passes  out  through 
the  cesophagus,  pharynx,  and  mouth  in  bilious  vomiting, 

That  the  expulsive  impetus  is  mainly  given  by  the  contractions 
of  the  abdominal  walls  and  not  the  gastric  movements  alone  has  been 
proved  by  experiment.  The  stomach  of  an  animal  was  excised  and 
replaced  with  a  bladder  filled  with  water  and  attached  to  the  oesoph- 
agus by  means  of  a  rubber  tube.  When  the  wound. was  closed  and 
an  emetic  injected,  the  contents  of  the  bladder  were  immediately 
expelled  through  the  mouth. 

Vomiting  is  normally  considered  to  be  a  reflex  action,  although 
in  some  instances  vomiting  may  proceed  at  will  or  be  acquired  after 
some  practice.  The  afferent  nenes  are  principally  the  fifth,  the 
glosso'pharyngeal,  and  the  vagus.  The  center  of  vomiting  is  located 
in  the  medulla  oblongata.  The  efferent  impulses  are  conveyed  by  the 
vagi  to  the  stomach,  phrenics  to  the  diaphragm,  and  various  spinal 
nerves  to  the  abdominal  muscles.     Thus  vomiting  may  arise: — 

1.  From  irritation  of  the  stomach,  as  when  this  organ  is  too  full. 

2.  From  tickling  the  vault  of  the  palate. 

3.  From  intestinal  irritation  by  worms. 

4.  From  irritation  of  the  uterine  mucous  membrane  during  the 
first  three  months  of  pregnancy. 

5.  The  remembrance  or  sight  of  disgusting  sights,  or  pathological 
disorders  of  the  brain  may  cause  it,  which  proves  that  the  brain  is 
united  to  a  vomiting  center. 

6.  The  use  of  emetics,  which  do  not  all  act  alike. 

Thus,  some  emetics,  as  copper  .sulphate,  mustard,  etc.,  produce 
emesis  because  of  their  irritating  effects  upon  the  peripheral  nerves 
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in  the  mucous  membrane  lining  the  stomach.  Others,  like  tartar 
oinetic,  a|)omorphine,  etc.,  attiiin  the  same  results  by  reason  of  their 
stimulating  the  vomiting  center  in  the  medulla. 

DIGESTION  IN  THE  INTESTINES. 

When  the  food  is  converted  into  chyme  and  partially  dissolved 
by  the  gastric  juice,  it  passes  into  the  small  intestine,  where  it  is 
subjected  to  new  reagents:  the  bile,  pancreatic  juice,  and  intestinal 
juices.  Here  the  food  is  prepared  for  absorption,  forming  what  is 
called  chyle,  which  is  rapidly  taken  up  by  the  chyliferous  vessels. 

Because  of  the  small  and  large  calibers  of  the  two  parts  of  the 
intestinal  tract,  the  portions  have  received  the  names  of  small  and 
large  intestines,  respectively.  The  small  intestine,  the  continuation 
of  the  stomach,  opens  into  the  large  intestine  by  an  orifice  which  is 
guarded  by  the  ileo-ccecal  valve.  Under  ordinary  and  normal  condi- 
tions this  valve  allows  the  passage  of  the  remnants  of  active  digestion 
to  pass  through  from  the  small  into  the  large  intestine;  very  rarely 
does  the  reverse  occur,  except  in  some  cases  of  hernia  and  other  ob- 
structions in  the  large  intestine. 

• 
THE  SMALL  INTESTINE. 

This  tul>e  is  cylindrical  and  much  convoluted.  It  occupies  the 
umbilical  region  and  is  suspended  from  the  vertebral  column  by  the 
mesentery.  It  measures  about  twenty-five  feet  in  length,  and  its 
diameter  is  about  one  and  three-fourths  inches.  As  it  continues  to 
join  the  large  intestine  it  becomes  slightly  narrower.  It  consists  of 
three  pai-ts:    the  duodenum,  jejunum,  and  ileum. 

The  duodenum  is  twelve  fingers'  breadth  in  length,  and  it  is 
tlie  widest  part  of  the  small  intestine.  It  commences  at  the  pyloric 
«*nd  of  the  stomach  and  opposite  the  second  lumbar  vertebra;  it 
terminates  in  the  jejunum.  The  common  bile-duct  and  the  pan- 
creatic duct  perforate  the  inner  side  of  the  duodenum. 

The  jejunum  constitutes  about  two-fifths  of  the  small  intestine. 
It  is  wider  than  the  ileum  and  is  characterized  by  the  absence  of  the 
a^iinated  glands.  The  ileum  constitutes  tliree-fiftlis  of  the  small 
intestine,  and  terminates  in  the  right  iliac  region  by  joining  the  large 
intestine  at  a  right  angle. 
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Glands  of  the  Small  Intestine. 

There  are  four  kiuds  of  glands  in  the  mucous  membrane  of  the 
small  intestine.  They  are:  duodenal,  or  Brunncr's;  glands  of 
Lieberkiihn ;  solitary;  and  agminated  glands,  or  Peyer's  patches. 

Brunner's  glands  are  small,  racemose  glands  situated  in  the  sub- 
mucous tissue  of  the  duodenimi.  Toward  the  end  of  the  duodenum 
they  gradually  disappear. 

The  glands  of  Lieberkiihn  are  the  most  numerous  of  all  the 
glands  of  the  small  intestine,  and  they  exist  from  the  pyloric  end  to 
the  ileo-oapcal  valve.  They  are  placed  in  a  vertical  direction  in  the 
thickness  of  the  mucous  membrane  and  open  between  the  villi.  They 
are  about  Vj„o  ii^ch  in  length.  They  have  thin  walls  lined  with  a 
colunmar  epithelium. 

The  solitary  glands  are  found  in  all  parts  of  the  mucous  mem- 
brane of  the  small  intestine.  They  are  minute,  whitish,  oval  or 
rounded  bodies  scattered  singly  in  the  intestine.  They  are  closed 
vesicles,  and  are  situated  in  the  submucous  tissue.  They  are  lymph- 
nmlules  composed  of  retiform  tissue  and  lymphocytes. 

The  agminated  glands  (Peyer's)  are  formed  of  solitary  glands, 
disposed  in  oval  patches.  Usually  there  are  fifteen  to  thirty  of  these 
pntclies,  from  one-half  to  two  inches  in  length,  and  one-half  inch  in 
hreadtli.  The  ileum  is  their  usual  habitat,  and  they  are  seated  oppo- 
site the  attachment  of  the  mesentery.  In  the  neighborhood  of  the 
ileo-c;ecal  valve  they  are  larger  and  more  numerous.  As  the  duo- 
denum is  approached  they  are  smaller  and  fewer.  Tn  youth  they  are 
distinct,  less  so  in  adult  life,  and  in  old  age  may  disa])pear.  They  are 
the  seat  of  ulceration  in  typhoid  fever.  The  arteries  of  the  small 
intestine  are  the  superior  mesenteric  and  pyloric.  The  lymphatics 
are  numerous.  The  nerves  are  given  off  by  the  solar  plexus.  Be- 
neath the  mucous  coat  in  the  areolar  tissue  of  the  small  intestine  are 
Afeissner's  ganglia.  Between  the  muscular  coats  the  ganglia  of  Auer- 
bach  can  be  found. 

THE  LARGE  INTESTINE. 

This  is  a  cylindrical  tube  differing  from  the  small  intestine  in 
having  a  greater  capacity  and  a  sacculated  appearance.  Tt  is  about 
five  feet  in  length  and  extends  from  the  ileo-cjpcal  valve  to  the  anus. 
Tt  nearly  encircles  the  abdomen  in  its  course.  Like  the  small  intes- 
tine, it  is  divided  into  three  parts:  the  cjecum,  colon,  and  rectum. 
The  head  of  the  colon,  the  ca»cum,  is  a  wide,  blind  pouch,  or  cnUde" 
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sac,  about  two  and  one-half  inches  in  length  and  breadth.  Toward 
its  bottom  it  curves  inwardly  and  backward  and  is  abruptly  reduced 
to  a  wornilike  prolongation — the  vermifonn  appendix.  The  small 
intestine  opens  into  the  caecum,  tlie  orifice  being  guarded  by  the  ileo- 
caecal  valve.  The  second  and  largest  part  of  the  large  intestine  is 
the  colon,  and  it  extends  from  the  caecum  to  the  rectum.  It  consists 
of  four  parts:  the  ascending,  transverse,  and  descending  colon,  with 
the  sigmoid  flexure.  Its  diameter  is  greatest  at  its  commencement, 
being  about  two  and  one-half  inches;  but  it  gradually  lessens  to  an 
inch.  The  sigmoid  flexure  is  shaped  like  the  letter  S.  It  is  the  nar- 
rowest part  of  the  colon.  The  rectum  extends  from  the  sigmoid  flex- 
ure to  the  anus.  It  is  about  seven  inches  in  length.  When  distended 
the  rectum  is  club-shaped,  being  narrow  above  and  expanded  just 
before  it  contracts  to  the  anus.  The  anus  is  completely  surrounded 
by  a  sphincter  muscle. 

Structure  of  the  Large  Intestine. 

The  caecum  and  colon,  like  the  small  intestine,  have  four  coats: 
the  (1)  serous,  (2)  muscular,  (3)  submucous,  and  (4)  mucous.  The 
mucous  membrane  contains  two  kinds  of  glands:  the  glands  of  Lie- 
berkiihn  and  the  solitary  glands.  The  glands  of  Lieberkiihn  are 
closely  set  together  and  give  a  peculiar  sievelike  appearance  to  the 
surface  of  the  mucous  mem])rane. 

Experiments  upon  the  caecum  of  the  cadaver  prove  that  the 
action  of  the  ileo-caecal  valve  is  not  dependent  upon  muscular  con- 
traction, for  fluid  forced  through  the  large  intestine  rarely  passes 
into  the  ileum.  When  the  caecum  is  filled  the  dilatation  of  the  same 
presses  upon  the  folds  of  the  valve  so  as  to  press  them  tightly 
together  and  thus  prevent  any  reflux  into  the  small  intestine. 

MOVEMENTS  OF  THE  INTESTINES. 

As  was  the  case  with  the  oesophagus,  the  intestines  are  com- 
posed of  two  muscular  coats:  an  outer  longitudinal  one  and  an  inner 
circular  one.  Movements  in  them  are  caused  by  alternate  contrac- 
tions and  relaxations  of  adjoining  portions  of  the  tube.  To  the 
characteristic  movements  of  the  intestines  two  names  have  been 
given  to  describe  two  separate  forms:  (1)  peristaltic  and  (2)  pendular. 

Peristalsis. — By  this  term  is  implied  the  alternate  contractions 
and  dilatations  of  adjoining  segments  to  produce  a  wavelike  motion 
which  proceeds  from  its  point  of  origin  anywhere  along  the  intestinal 
tract  away  from  the  stomach.     "Antiperistalsis*^  is  the  term  used  to 
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designate  the  movements  running  in  an  exactly  opposite  direction: 
that  is,  toward  the  stomach. 

Pendnlar  Movements. — These  are  the  very  slight  swinging  to- 
and-fro  oscillations,  probably  caused  by  the  contractions  of  the  longi- 
tudinal fillers. 

Cannon  has  shown  that  in  the  cat,  when  fed,  a  portion  of  the 
small  intestine  may  be  seen,  with  its  continuous  contents,  to  sud- 
denly be  divided  into  segments.  These  segments  are  then  also  sub- 
divided. This  segmentation  of  the  intestinal  contents  does  not  move 
the  food  along.  A  peristaltic  wave  does  that.  These  movements  incor- 
porate the  Sood  with  the  ferments.  When  a  peristaltic  wave  reaches 
the  ileo-colic  sphincter,  it  relaxes  and  permits  the  intestinal  con- 
tents to  pass  into  the  colon.  If  a  reflux  wave  of  the  colon  takes 
place,  it  contracts,  when  the  proximal  part  of  the  colon  is  distended. 
Then  contractions,  an  antiperistaltic  wave,  travel  from  the  point  of 
union  of  the  ascending  and  transverse  colon  towards  the  caecum. 
Then  peristaltic  waves  drive  the  contents  into  the  distal  colon. 

In  the  large  intestine,  the  distal  part  of  the  colon  and  its 
adjacent  sigmoid  flexure  are  a  resting  place  for  the  fasces,  and  are 
concerned  in  defecation.  The  chief  point  about  the  distal  colon  is 
its  complete  subordination  to  the  spinal  cord.  The  ileo-colon,  the 
transverse  colon,  and  the  descending  colon  are  a  place  for  the  pro- 
pulsive peristalsis,  as  the  descending  colon  is  never  distended. 

NERVE-SUPPLY  OF  THE  INTESTINES. 

The  small  intestine  receives  fibers  from  the  greater  and  smaller 
splanchnic  nerves,  which  pass  through  the  semilunar  and  superior 
mesenteric  ganglia,  and  then  pass  along  the  mesenteric  arteries  to 
their  destination.  The  right  vagus  also  supplies  the  intestine  with 
fibers. 

The  sjrmpathetic  ganglia  of  Auerbach  lie  between  the  two  mus- 
cular coats  and  extend  from  the  oesophagus  down  throughout  the 
small  and  large  intestine.  Meissner's  ganglia,  also  belonging  to  the 
sympathetic  system,  lie  in  the  submucous  coat.  The  vagi  convey 
motor  impulses  to  the  intestine,  while  the  sympathetics  mainly  con- 
vey inhibitory,  although  they  also  carry  motor,  impulses.  Slight 
stimulation  of  the  splanchnic  calls  out  motion,  strong  stimulation 
inhihition  of  the  intestinal  movements.  I  have  found  that,  when 
the  right  vagus  is  divided  in  a  rabbit  and  the  cardio-inhibitory  fibers 
are  allowed  to  degenerate  for  five  days,  electric  stimulation  of  the  cut 
vagus  slows  the  pendular  movement. 
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Stimulation  of  any  portion  of  the  intoBtine  causes  contraction 
above  the  place  of  irritation,  and  inhibition  or  relaxation  below  the 
point  of  irritation.  This  causes  tlie  food  to  move  onward,  and  is 
due  to  Auerbach's  plexus.  This  is  the  "law  of  Ike  intestines,"  accord- 
inf;  to  Bayliss  and  Starling. 


Fig.  23. — Effect  of  Albumose,  increasing  Periataiais. 

The  descending  colon  has  its  nervc-snpply  from  two  sources: 
(1)  fibers  from  lumbar  nerves  to  syrnpathetic  chain  and  mesenteric 
ganglia,  and  from  the  mesenteric  ganglia,  by  fibers  running  in  the 
hypogastric  nerves  and  plexus;  (2)  fibers  from  sacral  nen'es,  run- 
ning in  the  nervi  erigentes  and  entering  the  pelvic  plexuses,  whicK 
are  motor  and  antagonize  the  preceding  fibers,  which  are  inhibitory. 
When  the  small  or  large  intestine  is  excised,  it  has  peristaltic  move- 
ments, which  are  due  to  Auerbach's  plexus  'acting  as  a  reflex  center. 
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PANCREAS. 

The  pancreas  is  a  long  gland,  of  a  reddieli-cream  color,  and  iB 
situated  behind  the  Btomach.  Its  pointlike  extremity  comes  in  con- 
tact with  the  spleen.  It  cloeely  adheres  to  the  duodenum.  It  is 
about  seven  inches  in  length,  its  width  about  one  and  one-half 
inches,  and  its  thickness  about  one-half  inch.  The  right  and  lai^ 
end  is  the  head ;  its  left  free  end  is  its  tail.  The  duct  of  Wirsong, 
or  the  pancreatic  duct,  the  size  of  a  goose-quill,  runs  the  entire 
length  of  the  gland.  Upon  leaving  the  pancreas  the  duct  penetrates 
the  wall  of  the  duodenum,  opening  in  conjunction  with  the  commoa 
biliary  duct,  about  three  inches  from  the  pylorus. 


'7  6 

Fig.  26, — Schemntie  Section  of  Pancreas.      (Viauxtok.) 

1.  Orldn  ot  eicreloi7  cbdbI,  1,  Centre -acinar  cell.  3.  Pancreatic  cell. 
t.  Granular  lulemal  tone,  lymogen  sranutei.  G,  Bitemal  lone.  clear  [Mirt  of 
cell.    B,  Nucleus.    3,  Accenorr  nucleua. 

Structure. 

In  structure  the  pancreas  is  an  acino-tubular  gland,  resembling 
the  salivary  glands.  In  fact,  it  has  very  frequently  been  called  the 
abdominal  salivary  gland.  The  lobes  are  composed  of  ducts  which 
have  been  convoluted,  terminating  in  alveoli  or  sacs  and  which  unite 
with  other  tubules  bo  as  to  communicate  with  the  main  duct.  The 
small  ducts  are  lined  with  short  columnar  epithelial  cells  which  are 
smaller  than  those  of  the  salivary  glands.  The  secretory  cells  of 
the  pancreas  are  large  and  rounded,  being  distinctive  in  that  they 
possess  an  outer  portion  which  is  nearly  or  quite  homogeneous,  stain- 
ing readily  with  dyes,  and  an  inner  portion,  very  granular,  which 
does  not  stain  easily.  The  latter  forms  about  two-thirds  of  the  cell. 
When   the   gland   is   inactive   the   cells   are  heavily  charged   with 
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poor  in  fat-Bplitting  ferment;  "milk-juice,"  on  the  contrary,  is  very 
rich,  "flesh-juicG"  taking  an  intermediate  position.  It  ie  clear  that 
as  regards  the  two  latter  ferments  the  properties  of  the  juice  corres- 
pond with  the  requirements  of  the  food.  The  starch-holding  diet 
receives  a  juice  rich  in  amylolytic  ferment,  the  fat  a  juice  rich  in 
fat-splitting  ferment. 

The  behavior  of  the  proteid  ferment  may  puzzle  the  student 
In  the  work  of  the  gastric  glands  we  saw  the  weakest,  here  in  the 
pancreatic  juice  the  strongest,  ferment  poured  out  on  milk.  When, 
however,  we  take  the  quantity  of  juice  into  consideration  we  find  here 


Tig.  27. — Hourly  VariHtions  of  the  Pancreatic  Secretion  after  a 
Mfnl  of  Mcnt.  Bread,  and  Milli.  (After  a  curve  obtained  in  the  lab- 
oratory of  I'aivlow  Dv  one  of  his  pupils,  A.  Waltheb.J 

also  thilt  administration  of  like  quantities  of  proteid  in  the  form 
(if  broad,  flesh,  and  milk  calls  forth  a  secretion  as  regards  the  first 
of  lj)i8,  as  regards  the  second  of  1502,  and  as  regards  the  third  of 
1085  ferment  units ;  that  is  to  say.  vegetable  proteid  likewise  demands 
from  the  pancreas  the  most,  milk  and  milk  proteid  the  least,  ferment. 
The  difference  between  the  stomach  and  the  pancreas  is  limited  to  this: 
that  the  former  pours  out  its  ferment  in  very  concentrated  form 
upon  bread,  the  latter  in  a  very  dilute  condition.  This  fact 
strengthens  the  supposition  that  in  the  digestion  of  bread  a  large 
accumulation  of  hydrochloric  acid  has  to  be  avoided. 


DIGESTION.  101 

When  in  feeding  animals  the  kind  of  food  is  altered  and  the  new 
diet  maintained  for  a  length  of  time,  it  is  found  that  the  ferment- 
content  of  the  juice  becomes  from  day  to  day  more  and  more  adapted 
to  the  requirements  of  the  food.  If,  for  example,  a  dog  has  been  fed 
for  weeks  on  nothing  but  milk  and  bread  and  is  then  put  on  an 
exclusive  flesh  diet,  which  contains  more  proteid,  but  scarcely  any 
carbohydrate,  a  continuous  increase  of  the  proteid  ferment  in  the 
juice  is  to  be  observed.  The  capability  of  digesting  proteid  waxes 
from  day  to  day,  while,  on  the  contrary,  the  amylolytic  power  of  the 
juice  continuously  wanes. 

When  under  the  influence  of  a  given  diet  this  or  that  condition 
of  the  pancreas  had  been  established  in  experiment-animals  in  char- 
acteristic form,  Pawlow  was  able,  by  altering  the  feeding,  to  reverse 
it  several  times  in  the  same  animal.  It  seems  then  that  the  gastric 
and  pancreatic  glands  have  what  may  be  called  a  form  of  instinct. 
They  pour  out  their  juice  in  a  manner  which  exactly  corresponds 
both  qualitatively  and  quantitatively  to  the  amount  and  kind  of  food 
partaken  of.  Besides,  they  secrete  precisely  that  quantity  of  fluid 
which  is  most  advantageous  for  the  digestion  of  the  meal. 

Hydrochloric  acid  of  gastric  juice  acts  on  pro-secretin  in  the 
epithelium  of  duodenal  mucous  membrane,  producing  secretin,  a 
hormone^  which,  when  absorbed,  greatly  excites  pancreatic  secretion. 
Fats  in  the  stomach  retard  stomachic  secretion,  but  increase  pan- 
creatic secretion,  chiefly  by  a  reflex  action  through  the  duodenum,  and 
not  from  the  mucous  membrane  of  the  stomach.  Sleep  does  not 
arrest  pancreatic  secretion. 

Psychical  effect,  strong  craving  for  food  and  water,  are  common 
excitants  for  both  gastric  and  pancreatic  secretion.  The  extractives 
of  meat  excite  the  gastric  secretion,  while  acids  and  fats  excite  the 
pancreas. 

Sodium  bicarbonate  and  alkalies  inhibit  pancreatic  secretion. 

Secretory  Nerves  of  Pancreas. 

In  nonnarcotized  dogs  wliose  vagus  was  divided  four  days  pre- 
viously and  whose  cardio-inhibitory  fibers  had  lost  their  irritability, 
Pawlow  irritated  the  vagus  without  pain  and  obtained  an  increased 
pancreatic  secretion.  He  found  that  vasoconstriction  of  the  pan- 
creatic vessels  prevented  the  action  of  the  vagus  on  the  pancreas,  as 
did  compression  of  the  aorta  and  pain.     He  also  found  in  the  vagus 


^  Hormone  is  derived  from  a  Greek  word,  meaning  to  excite. 
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inhibitory  fibers  of  the  secretion,  as  well  as  secretory.  He  believes 
that  secretory  fibers  also  run  in  the  sympathetic,  not  only  for  the 
pancreas,  but  also  for  the  stomach. 

The  usual  method  of  obtaining  pancreatic  juice  for  experimental 
purposes  is  by  insertion  of  a  cannula  or  by  a  fistula  into  the  duct  of 
Wirsung.  By  this  method  practically  normal  secretion  is  procured, 
whose  composition  is  variable  at  different  times,  depending  upon 
whether  the  fluid  is  collected  three  or  four  hours,  or  two  or  three 
days,  after  the  operation.  The  secretion  examined  shortly  after  the 
operation  is  meager  in  quantity,  though  rich  in  solids;  that  collected 
a  day  or  two  later  is  more  copious,  but  contains  a  smaller  proportion 
of  solid  constituents.  This  is  probably  due  to  inflammatory  changes 
in  the  pancreas  as  a  result  of  the  operation.  The  pancreatic  juice 
examined  is  usually  obtained  from  dogs,  human  secretions  of  the 
gland  having  been  but  rarely  analyzed,  and  it  has  never  been  obtained 
under  quite  normal  conditions.  Most  experiments  are  performed 
with  the  aid  of  an  artificial  juice  made  by  mixing  a  weak  solution  (1 
per  cent,  sodium  carbonate)  with  a  glycerin  extract  of  pancreas.  It 
is  usual  to  treat  the  pancreas  with  a  dilute  acid  several  hours  previous 
to  its  being  mixed  with  glycerin  to  convert  the  zymogen,  or  mother- 
substance,  trypsinogen,  into  the  ferment,  trypsin. 

Normally,  the  pancreatic  juice  is  colorless,  viscid,  and  gummy; 
it  flows  in  large,  pearl-like  drops,  which  become  foamy  on  agitation. 
The  fluid  is  without  odor,  and  gives  to  the  tongue  an  impression  of  a 
viscid  liquid  and  a  taste  like  that  of  salt.  The  reaction  is  always 
alkaline;  its  specific  gravity  about  1.030. 

In  consequence  of  the  removal  of  a  pancreatic  tumor  Zawadski 
obtained  human  pancreatic  juice  through  the  fistula  remaining,  wlrch 
possessed  powerful  digestive  properties,  and  found  it  to  be  made  up  of 
the  following  composition  in  a  thousand  parts:  135.9  parts  were  of 
solid  nature,  the  remaining  ones  being  water.  Of  the 'solid  portions, 
92  were  proteins,  3.4  parts  were  inorganic  in  nature,  while  the  re- 
mainder were  organic  substances  soluble  in  alcohol.  The  figures  rep- 
senting  the  quantities  of  secretion  in  twenty-four  hours  are  very 
various  as  given  by  different  observers,  but  it  has  been  roughly  esti- 
mated to  average  about  1  pound. 

The  flow  of  pancreatic  juice  is  somewhat  as  follows:  Before  the 
meal  is  finished  there  begins  the  secretion,  which  reaches  its  maximum 
point  at  about  tlie  third  liour.  After  this  the  secretion  sinks  till  about 
the  sixth  or  seventh  hour,  when  it  increases  to  the  ninth  or  eleventh 
hour,  only  to  sink  gradually  to  the  eighteenth  or  twentieth.     When 
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the  quantity  is  greatest  the  quality  is  poorest,  and  vice  versa.  Thus 
the  function  of  the  pancreas  in  man  is  intermittent.  During  secre- 
tion the  gland  is  very  red,  and  its  vessels  dilated,  and  the  venous  blood 
red.  During  repose  the  gland  is  flat  and  of  a  pale-yellow  color,  while 
its  blood-vessels  are  contracted.  The  secretion  is  probably  caused  by 
secretin  and  the  reflex  action  due  to  the  contact  of  the  foods.  The 
pancreatic  secretion  can  be  moderated  or  suppressed  equally  by  reflex 
action,  notably  in  vomiting. 

Of  the  3.4  parts  of  an  inorganic  nature,  the  most  abundant  is 
sodium  chloride,  with  alkaline  and  earthy  phosphates  and  alkaline 
carbonates.  The  alkalinity  of  the  juice  is  due  principally  to  the 
phosphates  of  sodium.  Pilocarpine  increases  the  secretion,  while 
atropine  diminishes  it. 

The  organic  matters  of  the  pancreatic  juice  comprise  four  prin- 
cipal enzymes  or  ferments.  They  are:  (1)  trypsin,  (2)  amylopsin, 
(3)  steapsin,  and  (4)  a  milk-curdling  ferment. 

Trypsiny  a  very  important  constituent  of  the  pancreatic  secretion, 
is  much  like  pepsin  of  the  gastric  juice,  in  that  it  is  a  proteolytic 
enzj-me  acting  on  the  proteids  and  transforming  them  into  peptones 
through  intermediate  stages.  However,  its  fermentative  powers  are 
much  stronger  and  its  range  of  activity  extends  over  more  space  than 
do  those  of  pepsin.  Atlhough  pepsin  and  trypsin  ^)osse8S  many  prop- 
erties in  common,  yet  they  are  distinctly  different  and  separate  bodies. 
The  main,  characteristic  difference  is  that  pepsin  requires  an  acid 
medium  for  its  activity,  while  trypsin  acts  and  performs  its  functions 
best  in  an  alkaline  solution  whose  strength  ranges  from  0.5  to  1 
per  cent.  Experiment  has  proved  that  trypsin  can  act  in  a  neutral 
or  very  slightly  acid  medium. 

A  remarkable  feature  of  trypsin  is  the  large  and  rapid  transfor- 
mation of  proteid  matter  of  any  kind  into  peptone.  This  it  produces 
when  in  only  a  moderately  strong  solution.  Thus,  it  is  a^very  capable 
body  to  take  up  the  work  of  proteolysis  where  the  pepsin  of  the 
gastric  juice  left  it.  since  it  is  particularly  a  peptone-forming  ferment. 
As  the  final  products  of  proteolysis,  there  result  peptones.  When 
these  come  into  contact  with  the  pancreatic  juice,  they  are  quickly 
broken  down  into  simple,  crystalline  bodies,  as  leucin,  tyrosin,  aspartic 
acid,  arginin,  and  a  polypeptid. 

Like  pepsin,  the  proteolytic  action  of  trypsin  is  one  of  contact 
also,  only  it  displays  its  powers  more  remarkably  and  energetically, 
in  that  it  needs  no  environing  bodies  to  set  it  in  action  other  than 
water,  the  proteid  matters,  and  temperature  equal   to  that  of  the 
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body.  Trypsin  displays  no  digestive  powers  on  nuclein,  keratin,  or 
starches.  There  are  vegetable  trypsins  like  papain  of  Carica  papaya, 
and  bromelin  of  pineapple  juice. 

Hydrochloric  acid  quickly  destroys  trypsin  unless  there  is  great 
excess  of  proteid  substances  present,  which  means  that  the  acid  is  com- 
bined with  them  and  rendered  less  active.  When  a  filled  pancreas-cell 
is  examined,  the  little  granules  within  are  found  not  to  be  active 
trypsin,  but  the  precursor,  or  mother  of  the  ferment.  This  zymogen, 
trypsinogen,  is  readily  converted  into  the  ferment  by  the  presence  of 
a  trace  of  acid,  since  a  great  quantity  will  immediately  kill  the  newly 
formed  ferment  as  soon  as  generated. 

Amylopsin, — This  starch-splitting  ferment  converts  starch  partly 
into  dextrin,  but  chiefly  into  isomaltose  and  maltose.  During  the 
first  month  of  life  it  is  thought  that  no  amylopsin  is  formed;  hence 
children  of  that  age  should  not  be  fed  starches.  Amylopsin  differs 
from  ptyalin  in  that  it  can  digest  cellulose,  so  that  it  is  capable  of 
acting  on  unboiled  starch.  In  many  cases  the  failure  of  digestion  of 
the  carbohydrates  by  the  amylopsin  is  associated  with  drowsiness  after 
meals  and  slight  headache. 

The  Steapsin,  or  Fat-splitting  Ferment,  decomposes  the  neutral 
fats  into  fatty  acid  and  glycerin.  It  also  emulsifies  the  fats:  an 
activity  which  is  assisted  by  the  bile.  One  part  of  the  fatty  acids  set 
free  by  the  steapsin  combines  with  alkalies  in  the  intestine  to  form 
soap.  This  soap  favors  the  emulsification  of  the  fats.  Another  part 
of  the  fatty  acid  is  absorbed  as  such  and  combines  with  glycerin  in 
the  intestinal  wall  again  to  form  a  fat.  Kastle  and  Loevenhart  have 
shown  that  lipase  also  has  a  reversible  action :  that  is,  it  can  make  the 
fatty  acids  and  glycerin  reunite  after  they  have  been  separated  by  it. 
The  steapsin  acts  best  in  an  alkaline  medium,  for  acids  stop  it. 
Glycerin  does  not  dissolve  steapsin;  so  that  a  glycerin  extract  is  not 
suitable  for  an  experiment. 

The  Fourth  Ferment  present  in  the  pancreatic  juice  is  an  un- 
named one,  which,  like  rennin,  has  the  power  to  coagulate  milk.  It 
is  hardly  possible  that  its  powers  are  exercised  extensively,  if  at  all, 
since  the  milk  is  probably  coagulated  in  the  stomach  by  the  rennin 
found  there  before  it  ever  reaches  the  duodenum.  The  so-called 
"peptonizing  powders"  are  composed  of  pancreatin  and  sodium  bicar- 
bonate. 

From  the  nature  of  the  resulting  precipitates  in  the  transforma- 
tion of  the  caseinogen  into  casein,  it  is  evident  that  the  two  ferments 
— rennin  of  the  stomach  and  that  found  in  pancreatic  juice — are 
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markedly  distinct  and  dare  not  be  confounded.  Bennin  seems  to  re- 
quire the  presence  of  calcium  salts  before  it  can  produce  coagula- 
tion, which,  when  it  does  occur,  presents  the  casein  in  the  form  of  a 
coherent  clot  entangling  in  it  the  fats  present.  There  is  squeezed  out, 
as  it  were,  from  the  closely  formed  curd  a  clear,  yellowish  liquid, 
known  as  the  whey,  containing  some  proteids  with  the  salts  and  sugar 
of  the  milk. 

On  the  other  hand,  experimentation  shows  that  the  ferment  in 
pancreatic  juice  docs  not  require  the  presence  of  the  calcium  salts  for 
precipitation  of  caseinogen;  further,  that  the  precipitate  which  does 
occur  is  very  finely  granular  in  nature;  at  the  same  time  the  milk 
seems  to  undergo  no  change  in  its  fluidity,  as  far  as  can  be  dis- 
tinguished by  the  naked  eye.  The  presence  of  certain  salts,  which 
entirely  check  the  action  of  rennin,  but  slightly  hinder  the  action  of 
the  pancreatic  ferment.  It  is  believed  that  this  pancreatic  casein  is 
not  a  true  casein,  for  rennin  placed  in  its  presence  has  the  power  to 
change  it  still  further,  the  resultant  product  being  identical  with 
true  casein. 

Effects  Resulting  Upon  Removal  of  Pancreas. 

It  was  in  1889  that  von  Mering  and  Minkowski  by  experiment 
upon  the  lower  animals  proved  that  removal  of  the  pancreas  was  in 
every  case  followed  by  the  appearance  of  dextrose  in  the  urine,  a  con- 
dition known  as  diabetes,  plus  tliose  symptoms  marking  the  absence 
of  pancreatic  secretion  in  the  intestinal  canal  during  digestion.  In 
the  blood  there  was  as  much  as  0.5  per  cent.,  while  in  the  urine  the 
8-per-cent.  mark  was  reached.  These  investigators  found  that  animals 
presented  the  identical  characteristics  as  do  human  beings  suffering 
from  the  same  disease,  namely :  an  a])normal  excretion  of  water  with 
the  appearance  in  the  urine  of  dextrose,  acetone,  and  aceto-acctic  acid. 
Another  step  was  determining  that  this  condition  is  not  due  to  want 
of  the  pancreatic  secretion  in  the  intestine  by  tying  the  duct  of  Wir- 
sung  or  else  plugging  it  and  its  branches  with  paraffin,  but  allowing 
the  organ  to  remain  in  its  proper  position  in  the  body.  The  pres- 
ence of  a  certain  proportion  of  the  whole  gland,  even  though  its  secre- 
tion be  not  allowed  to  reach  the  intestines,  will  prevent  diabetes; 
absence  of  this  diseased  condition  is  still  maintained  though  a  portion 
of  the  gland  be  removed  from  its  normal  position  to  be  transplanted 
elsewhere. 

From  these  data  it  would  seem  that  the  pancreas  possesses  virtues 
in  the  general  economy  other  than  merely  producing  pancreatic  juice. 
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Any  disturbance  to  these  functions  is  felt,  not  only  in  the  gland 
itself,  but  throughout  the  entire  body,  since  then  its  metabolism  is 
disturbed.  Thus  is  very  clearly  established  one  other  instance  show- 
ing the  intimate  relation  that  each  and  every  organ  or  part  bears  to 
the  general  mechanism  of  the  entire  body  as  a  unit,  and  the  conse- 
quent general  disturbances  following  its  disease. 

The  transfusion  of  diabetic  blood  into  a  normal  animal  fails  to 
produce  within  the  recipient  any  diabetic  symptoms.  From  this  we 
learn  that  there  was  no  accumulation  in  the  blood  of  poisonous  matter 
which  the  pancreas  was  supposed  to  remove.  From  the  facts  not^  it 
is  apparent  that  removal  of  the  pancreas  produces  diabetes,  not  from 
any  influence  upon  surrounding  sympathetic  ganglia  or  hindrance 
to  passage  of  its  secretions  into  the  intestinal  canal,  but  is  caused  by 
the  removal  from  the  system  of  something,  which  something  pos- 
sesses powers  aside  from  those  employed  in  digestion.  The  salivary 
glands,  whose  structure  is  similar  to  that  of  the  pancreas,  when  re- 
moved give  no  untoward  results.  When  the  structures  of  these  two 
glands  are  minutely  and  carefully  examined,  it  is  found  that  there  is 
but  one  difference :  in  the  parenchyma  of  the  pancreas  there  are  pres- 
ent little  cells, — of  Langerhans, — epithelial  in  appearance,  richly 
supplied  with  blood-vessels,  but  having  no  connection  with  the  alveoli 
or  ducts  of  the  gland. 

Cohnheim  found  a  body  in  the  pancreas  which  he  calls  the  acti- 
vator, which  resembles  an  internal  secretion  like  adrenalin.  When 
this  activator  is  added  to  muscle-extract,  it  breaks  up  the  sugar  in  the 
blood.  Consequently  the  removal  of  the  pancreas  or  its  activator  lets 
the  sugar  appear  in  the  urine.  Seventy-five  grams  of  muscle  and 
about  .08  gram  of  pancreas  are  the  best  proportions  to  destroy  the 
greatest  amount  of  glucose.  The  pancreatic  activator  is  not  injured 
by  boiling,  and  is  soluble  in  alcohol,  which  facts  show  that  it  is  not 
a  ferment.  It  is  now  believed  that  there  is  some  internal  secretion 
manufactured  by  these  patches  of  Langerhans  cells  in  the  paricreas, 
which  is  a  very  powerful  factor  in  the  disintegration  of  carbohydrates, 
but  whose  removal  allows  the  abnormal  production  in  the  blood  and 
urine  of  dextrose.  According  to  several  observers,  the  islets  of 
Langerhans  are  not  independent  structures  of  separate  origin,  but 
are  formed  by  certain  definite  changes  in  the  arrangements  of  the 
secreting  cells  of  the  pancreatic  tissue.  Secretin  exhausts  the  pan- 
creatic cells,  and  thus  converts  the  greater  part  of  the  secreting  tis- 
sue into  islet  tissue. 

The  embryological  evidence  furnished  by   Laguesse  and   Dale 
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shows  that  pancreatic  growth  is  a  function  of  the  islet-tissue  cell, 
multiplication  being  observed  only  in  the  islet.  As  the  islets  are 
formed  from  the  alveoli,  there  must  be  a  constant  disappearance  of 
islets  and  a  new  formation  of  the  alveoli. 

In  pancreatic  diabetes  the  proportion  of  dextrose  to  nitrogen 
(D  :  N)  excreted  in  starvation  is  3  to  1.  In  this  kind  of  diabetes, 
the  sugar  is  derived  from  the  glycogen;  and  when  the  glycogen  is 
used  up,  it,  like  the  nitrogen,  comes  from  the  proteid.  In  ordinary 
states,  after  the  removal  of  the  pancreas  the  sugar  comes  from  the 
dextrose  in  the  food,  and  from  the  proteid  of  the  food  and  of  the 
tissues.  The  cause  of  accumulation  of  sugar  in  hyperglycsemia  is 
the  removal  from  the  organism  of  some  influence  necessary  to  oxidize 
the  dextrose.     Lsevulose  can  still  be  oxidized  and  also  form  glycogen. 

Continued  Action  of  Trypsin. 

The  proteid  molecule  is  more  thoroughly  broken  up  by  trypsin 
when  it  has  been  previously  acted  upon  by  pepsin,  than  when  attacked 
by  trypsin  alone.  When  the  action  of  trypsin  is  continued  for  a  long 
time,  it  acts  like  an  acid,  hydrolyzing  the  proteid  product  and  form- 
ing mainly  amino-acids,  that  is,  organic  acids  containing  one  or  more 
amido  groups  in  direct  union  with  carbon.  The  amido-acids  are 
chiefly  as  follows: — 

1-  MoNO-AMiNO  Acids. — GlycocoU,  alanin  or  amino-propionic 
acid,  phenylalanin,  amino-butyric  acid,  and  leucin,  which  crystallizes 
in  the  form  of  spheroidal  crystals. 

Leucin  (C^HuNOj)  is  an  a-amido-isobutylacetic  acid,  belonging 
to  the  fatty  acid  series.  It  is  always  formed  in  any  profound  decom- 
position of  proteid,  such  as  boiling  with  dilute  acids,  or  alkalies,  in 
tr}ptic  digestion,  or  putrefaction.  It  has  been  found  in  nearly  every 
tissue  of  the  body  in  some  proportion,  being  particularly  common  in 
pathological  conditions  of  the  tissues.  It  may  be  produced  syntheti- 
cally in  the  chemical  laboratory. 

(a)  The  mono-amins  of  dibasic  acids: — Aspartic  acid,  gluta- 
minic  acids. 

2.  The  Diamino  Acids. — The  so-called  hexone  bases,  arginin, 
lysin,  histidin. 

Arginin  is  a  product  of  hydrolysis  of  all  proteids,  being  the 
most  abundant  of  the  basic  substances.  It  is  especially  found  in  the 
proteid  of  certain  seeds  and  in  the  protamins.  Salmin,  a  protamin 
of  the  spermatozoa  of  salmon,  contains  80  per  cent,  of  arginin.     This 
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is  changed  into  urea  in  the  liver  by  a  ferment,  arginase.  Drechst 
has  estimated  that  about  one-ninth  of  the  urea  excreted  could  aris 
from  this  source  alone. 

(a)  Other  diamino  acids: — Diamino-glutaric  acid,  diamino- 
adipic  acid. 

3.  Hydrox-amino  Acids. — Serin,  tyrosin,  found  also  in  elder- 
berries, in  potatoes  and  germinating  cucumbers. 

Tyrosin  (C^HuNOa)  belongs  to  the  aromatic  group,  and  is 
known  as  oxyphenyl-amido-propionic  acid.  It  is  a  constant  associate 
of  leucin.  It  is  from  tyrosin,  however,  that  cresol  and  phenol  are 
formed. 

4.  A-Pyrrolidincarboxylio  Acid,  or  prolin. 

5.  Caseanic  Acid. — Caseinic  acid. 

6.  Tryptophane  or  Indol-amino-propionio  Acid. — ^This  crys- 
talline body  gives,  on  distillation,  indol  and  skatol.  When  the  amido 
bodies  are  formed  from  the  proteid  molecule  by  the  trypsin,  a  nucleus 
of  the  proteid  molecule  remains,  which  is  a  polypeptid. 

7.  The  Sulphur  Bodies. — Albumin,  when  treated  with  lead 
salts  in  the  presence  of  caustic  alkali,  yields  a  black  coloration,  indi- 
cating the  presence  of  sulphur  in  the  molecule.  One  of  these  bodies 
is  cystin. 

8.  The  Carbohydr^vte  Group. — There  are  certain  proteids, 
amongst  which  are  mucins  and  cartilage,  which  readily  yield 
a  carbohydrate  group  on  hydrolysis.  Serum-albumin  and  egg-albu- 
min contain  a  carboliydrate  group  which  forms  no  small  part  of  the 
whole  molecule  of  albumin.  Thus  egg-albumin  contains  glycosamin — 
this  last  fact  is  important  in  the  consideration  of  diabetes;  the  sugar 
comes  from  the  proteid. 

Glycosamin  injected  into  the  circulation  is  in  great  part  elimi- 
nated as  such.  Proteids  containing  glycosamin  are  completely  oxi- 
dized.   One-twelfth  of  ogg-alhumin  is  glycosamin. 

It  has  been  shown  by  Gisolt  that  alcohol,  when  given  either  by 
the  stomach  or  rectum,  increases  the  secretion  of  the  pancreatic  juice 
by  an  action  through  tlio  va<ri.  The  vagi  contain  the  secretory  nerves 
of  the  pancreas.  However,  alcohol  reduces  the  digestive  activity  of 
the  trypsin,  the  amylopsin.  and  the  steapsin. 

I  have  found  that  an  infusion  of  the  pancreas,  when  injected  per 
jugular,  decreases  the  pulse  and  the  arterial  tension;  afterward  the 
tension  rises. 
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and  the  left  vagus  has  some  fibers  going  to  it.  The  whole  organ  i 
insheathed  in  a  very  fine  coat  of  areolar  tissue  known  as  Glisaon^ 
capsule. 

Structure. 

The  hepatic  substance  is  readily  torn  and  has  a  granular  appear — 
ance;  these  coarse  granules,  corresponding  with  the  distinct  spot:* 
seen  on  the  surface,  are  polyhedral,  and  are  the  lobules  of  the  liver. 
These  lobules  are  V^g  inch  in  diameter.  In  studying  the  relation  of 
these  lobules  to  the  blood-vessels  and  ducts  of  the  liver,  it  is  found 
that  an  extreme  branch  of  the  hepatic  vein  commences  in  the  axis 
of  every  lobule  and  emerges  at  its  base  to  join  a  larger  branch.  This 
connection  of  veins  and  lobules  reminds  one  of  the  attachment  of  the 
leaves  by  their  midribs  and  stems  to  the  branches  of  trees. 

The  capsule  of  Glisson  divides  the  liver-substance  into  these 
lobules,  for  the  areolar  tissue  enters  the  transverse  fissure  of  the  liver. 

Microscopically,  each  lobule  is  made  up  of  epithelial  cells,  natur- 
ally spheroidal,  but  because  of  compression  are  more  or  less  polygonal. 
These,  the  true  liver-cells,  are  about  */iooo  ^^^h  in  diameter,  contain- 
ing protoplasm  with  large,  round  nuclei  which  have  one  or  more 
nucleoli.  The  cells  are  held  together  by  an  albuminous  cement-sub- 
stance ;  in  it  are  fine  channels  containing  the  bile-capillaries. 

The  portal  vein  also  has  its  course  in  the  portal  canals,  where  it 
divides  and  subdivides.  By  its  division  between  the  lobules  in  the 
interlobular  connective  tissue  it  forms  the  interlobular  vein.  Prom 
this  vein  fine  capillary  branches  are  given  off,  which  pierce  the  envelop- 
ing membrane  of  the  lobule  to  find  their  way  toward  its  center  in  a 
converging  manner.  In  their  course  to  its  center  they  pass  in  close 
proximity  to  the  hepatic  cells,  and  it  is  here  that  the  real  secretion  of 
the  bile  takes  place.  From  the  point  of  union  of  the  capillaries  in 
the  center  of  the  lobule  there  proceeds  a  single,  straight  vein,  called  the 
intralohuJnr  vein.  Arrived  at  the  base  of  the  lobule,  this  vein  empties 
its  contents  into  the  suhlobular  vein,  a  radicle  of  the  hepatic  vein, 
which  empties  into  the  inferior  vena  cava. 

The  hepatic  artery  does  not  furnish  the  blood  for  the  secretion  of 
bile.  Its  function  is  to  furnish  a  blood-supply  to  Glisson's  capsule 
and  to  the  investment  of  the  lobules  and  the  walls  of  the  bile-ducts. 

The  course  of  the  bile-duds  is  very  similar  to  that  of  the  portal 
vein  and  hepatic  artery.  Bile  capillaries  have  no  distinct  walls  of 
their  own  except  those  formed  by  the  liver-cells  between  which  they 
are  situated.     All  cells,  except  those  in  contact  with  capillary  blood- 
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The  Gall-bladder. 

The  gall-bladder  acts  as  the  natural  reservoir  for  storage  of  the 
bile.  It  is  a  pear-shaped  bag  of  a  musculo-membranous  textnre, 
capable  of  containing  rather  more  than  a  fluidounce,  and  is  situated 
upon  the  under  side  of  the  liver  in  a  fissure  fashioned  for  it.  It  is 
about  four  inches  long,  one  inch  at  its  fundus,  or  base. 

The  structure  of  the  gall-bladder  consists  of  three  coats:  an 
outer,  serous  coat;  a  middle,  fibrous;  and  an  inner,  mucotis  coat. 
The  fibrous  coat  contains  both  circular  and  longitudinal  fibers.  The 
inner  surface  of  the  bladder  is  lined  with  mucous  membrane,  which 
is  of  a  yellowish-brown  color. 

The  hepatic  duct,  formed  by  union  of  two  bile-ducts  issuing 
from  the  liver,  is  about  one  and  one-half  inches  long.    By  its  joining 
the  cystic,  also  about  one  and  one-half  inches  in  length,  is  formed  the 
common  bile-duct,  known  as  the  ductus  communis  choledochus.    This, 
the  largest  of  the  three,  is  three  inches  long,  with  the  diameter  of  a 
goose-quill,  emptying  with  the  pancreatic  duct  into  the  duodenum 
through  a  common  opening.     The  motor  nerve  of  the  gall-bladder 
is  the  vagus;   the  nerve  which  supplies  the  relaxing  muscles  of  the 
gall-bladder  is  the  sympathetic. 

Functions  of  the  Liver. 

The  liver,  being  such  an  important  gland,  naturally  occupies  a 
very  prominent  position  in  the  general  metabolism  of  the  economy. 
Its  principal  functions  are:  the  formation  of  an  internal  secretion, 
glycogen;  the  formation  of  urea;  and,  last,  the  production  of  the 
bile,  in  which  as  a  vehicle  many  poisonous  products  are  expelled. 

Bile  is  a  thick,  golden-colored  liquid  of  a  very  bitter  taste.  Its 
secretion  ])y  the  liver  re])resents  only  one  subsidiary  function  of 
the  many  performed  by  this  important  gland.  It  represents  waste 
albuminous  matters,  together  with  coloring  pigments  and  mineral 
salts  dissolved  in  water.  Though  primarily  excrementitious  sul)- 
stance  and  performing  the  necessary  functions  of  such,  it,  however, 
possesses  some  powers  to  aid  intestinal  digestion,  both  directly  and 
indirectly.  These  will  be  discussed  under  the  head  of  the  'TJses  of 
Bile.'*  The  secretion  of  bile  is  an  intermittent  process,  for  a  supply, 
though  scanty,  is  intermittently  passing  into  the  duodenum.  The 
arrival  of  chvme  in  the  duodenum  immediatelv  calls  for  an  increased 
amount,  to  be  followed  bv  a  second  increase  ^ome  hours  later. 

Starling  holds  that  the  mechanism  by  w^hich  the  increased  secre- 
tion of  bile  is  produced  at  the  time  when  this  fluid  is  required  in 
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the  inteetine,  is  identical  with  that  for  the  secretion  of  pancreatic 
juice,  and  that  in  each  case  secretiiv — formed  by  the  action  of  hydro- 
chloric acid  on  the  duodenal  epithelium — is  absorbed,  and  excites  the 
liver  and  pancreas  to  increased  activity. 

Barbera  has  shown  that  a  meat-diet  excites  the  greatest  secretion 
of  bile,  fat  less,  and  a  carbohydrate  diet  hardly  any. 

It  is  in  the  intermission  between  meals  that  the  liver  is  least 
active,  and  it  is  then  that  only  a  small  supply  reaches  the  duodenum. 
It  continues  during  pains  the  most  violent,  in  intestinal  congestion, 
and  in  peritoneal  inflammations. 

Contrary  to  the  plan  of  all  the  other  secreting  and  excreting 
organs,  the  main  supply  of  blood  to  the  liver,  and  from  which  its  secre- 
tion, the  bile,  is  formed,  is  venous:  from  the  portal  vein.    The  nutrient 
function  of  the  hepatic  artery  is  to  supply  structures  and  membranes 
only.    Since  the  portal  vein  furnishes  the  supply,  the  bile  is  secreted 
at  a  very  much  lower  pressure  and  therefore  more  slowly  than  those 
aecretions  from  glands  whose  supply  is  arterial,  as  the  pancreas  and 
salivary  glands.     It  is  quite  natural  that  a  fluid  so  complex  as  the 
bile  demands  for  its  preparation  a  much  longer  period  of  time  than 
one  which  contains  only  water,  salts,  and  certain  principles  of  the 
blood.     Though  not  directly  governed  by  nerve-influences  upon  the 
portal  vein,  the  blood-supply  to  the  liver  is  varied. 

Compared  with  the  size  of  the  liver,  the  secretion  is  small  and 
slow,  and  holds  but  little  relation  to  the  mass  of  blood  traversing  it. 
The  quantity  secreted  per  diem  has  been  variously  computed  at  two 
pounds.  Its  specific  gravity  in  man  averages  1.026;  reaction,  neutral 
or  slightly  alkaline. 

Chemical  Properties  and  Constituents  of  the  Bile. 

Bile  mixes  with  water,  producing  no  turbidity ;  heat  produces  no 
coagulation  because  of  the  absence  of  any  coagulable  proteids.  Alco- 
hol precipitates  mucin,  diastase,  and  bilirubin,  if  the  latter  is  present. 
Acetic  acid  precipitates  mucus ;  lead  acetates,  the  biliary  salts.  When 
in  contact,  bile  rapidly  destroys  the  red  blood-corpuscles. 

Bile  contains  both  organic  and  inorganic  materials.  Those  or- 
ganic are  mucin,  biliary  pigments,  biliary  salts,  cholesterin.  lecithin, 
neutral  fats,  soap,  urea,  and  diastase.  In  organic  matters  are  water, 
chloride  of  sodium,  and  phosphates  of  iron,  calcium,  and  magnesium. 

The  means  by  which  the  various  components  of  the  bile  are 
formed  is  as  yet  not  thoroughly  understood.  Some  of  its  constituents 
may  exist  in  the  portal  blood ;  thus  the  pigment  is  produced  by  the 
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tion  of  each  present,  the  e6lor  may  range  from  reddish-brown  to 
grass-green.  They  are  formed  from  the  haemoglobin  of  the  blood— 
the  mother  of  all  the  bile-pigments.  In  man  and  camivora  bilirubin 
predominates  and  gives  to  the  bile  its  yellow  color;  the  green  color 
of  that  of  herbivora  is  due  to  biliverdin. 

Bile  contains  neither  bilirubin  nor  biliverdin  free,  but  combi- 
nations of  these  two  substances  aff  salts :  bilirubinates  and  biliverdin- 
ates  of  the  alkalies.  The  bilirubinates  are  transformed  into  biliver- 
dinates  by  the  oxygen  of  the  air.  These  bodies,  bilirubin  and  bili- 
vordin,  act  as  acids. 

Bilirubin,  isomeric  with  hsematoporphyrin,  represents  the  iron- 
free  pigment  of  the  bile;  its  formula  is  CieHigNjO,.  This  is  the 
permanent  pigment  of  the  bile  and  may  also  appear  as  a  calcium  com- 
pound in  red  gall-stones.  When  exposed  to  the  air  and  in  an  alkaline 
solution,  it  oxidizes  very  readily,  changing  into  biliverdin;  because 
of  this,  bile,  when  standing,  assumes  a  greenish  tint. 

Biliverdin  is  present  in  all  biles  of  a  greenish  color.  It  occurs 
as  such  in  the  liver-secretion  of  herbivora,  but  may  be  obtained  by 
allowing  human  and  carnivorous  bile  to  oxidize  slowly  by  exposure  to 
the  air.  Its  formula  is  CieHi8N204,  having  one  more  atom  of  oxy- 
gen than  bilirubin. 

When  bilirubin  arrives  in  the  intestine  the  bacteria  generate 
nascent  hydrogen,  which  reduces  it  and  generates  another  pigment, 
the  coloring  matter  of  the  faeces,  called  stercobilin.  This  stercobilin 
when  absorbed  and  excreted  in  the  urine  is  called  urobilin. 

Omelin's  Test  for  Bile-pigments. — Add  to  some  bile  some  nitric 
acid  containing  nitrous  acid,  when  there  will  be  a  play  of  colors: 
green,  blue,  purple,  and  yellow.  These  tints  are  due  to  the  oxidation 
of  bile-pigments.  The  green  is  biliverdin;  the  blue,  bilicyanin;  the 
purple,  bilipurpurin ;  and  the  yellow,  eholetelin. 

Cholesterin. 

Cholesterin  is  a  monovalent  alcohol.  It  is  present  to  some  ex- 
tent in  all  protoplasmic  structures, — blood-corpuscles.-^ut  particu- 
larly in  bile  and  nervous  tissues.  In  the  latter  it  fonns  a  very  im- 
portant part  of  myelin.  In  the  bile  it  forms  but  a  small  proportion 
of  its  contents — from  1  to  5  per  cent.  It  is  insoluble  in  water  and 
dilute  saline  solutions,  but  readily  soluble  in  ether,  chloroform,  alco- 
hol, etc. ;  in  this  respect  it  resembles  fat,  though  not  a  true  fat.  In 
bile  it  is  readily  dissolved,  because  of  the  presence  of  bile-salts.  If, 
for  any  reason,  the  latter  should  be  insufficient,  the  cholesterin  passes 
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out  of  solution  to  form  concretions  around  any  foreign  particles 
or  previously  hardened  concretions,  forming  a  gall-stone  in  man. 
Another  kind  of  gall-stone  is  bilirubinate  of  calcium,  rare  in  man, 
but  frequent  in  the  ox.  Besides  its  characteristic  crystals,  choles- 
terin  is  also  detected  by  various  color-reactions  in  the  presence  of 
iodine  and  sulphuric  acid. 

The  general  presence  of  cholesterin  in  so  many  parts  and  cells 
of  the  body  leads  to  the  impression  that  it  is  a  cleavage  product  of 
metabolism,  being  one  of  the  waste-elements  in  the  life  of  the  cell, 
es^pecially  the  nerve-cell.  Being  absorbed  by  the  blood,  it  finds  its 
way  to  the  liver,  there  to  be  elaborated  and  to  appear  in  the  bile. 
The  cholesterin  of  the  bile  is  now  generally  admitted  to  be  drawn 
from  the  cells  lining  the  bile  passages  and  gall-bladder.    In  catarrh 


Fig.  32. — Crystals  of  Cholesterin.    (Duval.) 


of  these  passages  the  amount  of  cholesterin  is  increased  so  much 
that  bile  salts  cannot  keep  it  in  solution,  and  the  formation  of  gall- 
stones is  accelerated.  Being  an  excrement,  it  is  not  reabsorbed,  but 
is  exj>elled  from  the  economy  as  a  part  of  the  fseces.  Pathological 
changes  in  tissues  are  always  marked  by  an  increased  quantity, 
which  may  be  accounted  for  by  loss  of  vitality  in  the  diseased  cells 
so  that  they  are  unable  to  break  down  the  cholesterin. 

Cholesterin  is  not  poisonous  to  animals. 

Ijccithin  is  found  chiefly  in  nervous  tissues,  red  corpuscles,  and 
the  bile.  It  is  most  abundant  in  the  nervous  system.  This  is  a 
compound  of  a  nitrogen  base,  cholin,  with  glycero-phosphoric  acid 
with  fatty  acid  radical.  Combined  with  a  carbohydrate  residue,  it 
is  found  in  the  liver,  and  is  then  called  jecorin. 

When  lecithin  is  taken  by  the  mouth  it  is  broken  up  in  the 


118  PHYSIOLOGY. 

inteetine  into  cholin,  a  poisonous  alkaloid;  but  the  intestinal  bac- 
teria deetroy  it  at  once,  producing  methane,  carbonic  acid,  and 
ammonia. 

Ums  of  Bile. 

In  fasting,  not  a  drop  of  bile  enters  the  inteetine.  Fat,  meit 
extractives,  and  the  products  of  digestion  of  egg-albumin  set  up  a 
free  discharge  of  the  fluid.  Bile  accentuates  the  activitj  of  the 
pancreatic  enzymes,  especially  the  fat-splitting  ones,  the  action  of 


I'ig.  ;)3. — Curves  Showing  the  Velocity  of  Secretion  of  Bile  into  tlie 
DiiiHlpnuni  on  ( 1 )  a  diet  of  milk,  uppermost  curve ;  (2)  a  diet  of  niemt, 
micliUy  curve;  (3)  a.  Uk't  of  bread,  lowest  curve.  The  divisions  on  the 
BbsciBBa  represent  intervula  of  thirty  minutosi  the  figures  on  the  ordi- 
iiatcB  reprcHent  the  volume  of  secretion  in  cubic  centimeters.  {Howell, 
after  BbI':«8.) 

which  is  increased  twofold.  The  pancreatic  secretion,  in  its  hourly 
rate,  corresponds  closely  with  the  entry  of  bile  into  the  intestine 
under  the  same  conditions  of  diet.  The  similarity  is  moat  striking. 
Bile  nrrc'stg  the  action  of  pepsin,  which  is  injurious  to  the  ferments 
of  the  pjineroalic  j'liice,  and  favors  the  ferments  of  the  latter,  espe- 
cially the  fat-splitting  one. 

Bile  is  principally  excremcntitiKUs.    It  partly  enmlsifies  the  fats 
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and  CM  >u tributes  to  their  solution  by  the  soap  which  the  alkalies  of 
the  bile  produce.  The  emulsification  of  fat  is  a  mechanical  prepa- 
ration of  it,  in  order  that  lipase  may  act  upon  it.  By  thus  rendering 
the  fats  alkaline  in  part  they  are  able  to  come  in  closer  touch  with 
the  intestinal  mucous  membrane,  and  to  be  absorbed  by  it.  Endos- 
motic  experiments  have  proved  that  the  fats  are  imbibed  and  that 
they  traverse  more  easily  membranes  that  are  impregnated  with  an 
alkaline  solution  than  those  simply  wet  with  water.  Experimentally, 
when  the  bile  is  turned  out  of  its  course,  the  chyliferous  vessels  are 
not  filled  with  white,  milky  fluid,  since  only  one-seventh  of  the 
normal  amount  of  chyle  is  absorbed. 

When  the  chyme  passes  into  the  duodenum,  the  glycocholate 
and  taurocholate  of  sodium  are  broken  up  by  the  acid  in  the  chyme 
to  form  sodium  chloride,  at  the  same  time  setting  the  bile  acids  free. 
Immediately  they  are  precipitated,  carrying  down  with  them  the 
pepsin,  making  the  chyme  alkaline  and  more  turbid,  due  to  the 
precipitation  of  the  unpeptonized  proteids.  This  thickening  of  the 
stomach  contents  aids  very  materially  in  slowing  the  movements  of 
the  digested  products  through  the  intestines,  thus  giving  the  villi 
and  blood-vessels  more  ample  time  to  absorb  nutritious  substances. 

By  rendering  the  chyme  alkaline,  it  aids  the  action  of  the 
pancreatic  juice,  which  is  most  effective  as  a  digestive  agent  in  an 
alkaline  medium,  at  the  same  time  favoring  absorption,  since  alka- 
line liquids  permit  of  more  ready  osmosis. 

The  bile  itself  easily  becomes  putrid  on  standing.  How  can  it 
prevent  the  putrescence,  then,  of  the  intestinal  contents  ?  That  it  does 
in  Fome  way  diminish  this  degenerative  process  is  very  evident,  for, 
when  tlie  common  biliary  canal  is  ligated,  the  fa?ees  are  more  foetid  and 
the  intestinal  gases  more  abundant.  The  bile^s  so-called  antiseptic 
powers  must  be  accounted  for  by  its  hastening  absorption  and 
assisting  it  to  such  an  extent  that  the  quantity  of  matter  capable 
of  putrefaction  is  greatly  diminished  in  quantity.  Bile,  as  a  rule, 
increases  peristaltic  contraction  of  both  the  large  and  small  intes- 
tine. Taurocholic  and  glycocholic  acid  act  in  the  same  manner. 
But  bile  also  can  at  times  retard  the  intestinal  movements  with  or 
without  subsequent  acceleration  of  the  peristaltic  act. 

By  this  a(»tion  the  economy  possesses  a  natural  purgative.  By 
it,  as  a  stimulus,  the  secretion  of  the  glands  of  the  intestinal 
mucous  membrane  is  increased,  and  more  rapid  peristaltic  move- 
ments of  the  intestinal  muscles  induced  to  aid  in  the  propulsion 
of  their  contents. 


120  PHYSIOLOGY. 

Reabsorption  of  Bile-salts. 

When  it  was  ascertained  that  the  bile-salts  were  the  products  of 
the  hepatic  cells,  that  only  a  small  proportion  appeared  in  the  faeces, 
with  a  still  smaller  proportion  in  the  urine,  the  question  arose:  Is 
the  remainder  reabsorbed  by  the  intestines  to  be  again  secreted  from 
the  blood  by  the  hepatic  cells? 

Bile-salts  taken  by  the  mouth  produce  an  increased  flow  of  the 
bile,  which  is  at  the  same  time  higher  in  its  percentage  of  proteids. 
Dog's  bile,  containing  normally  only  taurocholate  of  sodium,  has  been 
found  to  contain  glycocholate,  when  that  salt  had  been  injected  into 
the  animaPs  blood.  Again,  when  bile  has  been  taken  from  an  animal 
for  some  time  by  a  fistula,  its  quantity  of  solids  diminishes,  showing 
that  the  hepatic  cells  cannot  give  back  these  salts  to  it  when  the  portal 
blood  does  not  convey  to  them  the  materials  for  their  formation. 
From  these  and  other  facts  it  was  deduced  that  there  must  exist  in  the 
body  reabsorption  of  bile-salts. 

Antitoxic  Function  of  the  Liver. — It  was  found  that  nicotine 
added  to  the  portal  blood  of  an  experimental  circulation  through  the 
liver  soon  vanishes.  Similar  experiments  with  strychnine,  morphine, 
and  quinine  resulted  in  the  same  way.  These  alkaloids  are  not  only 
deposited  in  the  liver-cells,  but  they  experience  a  change  in  their 
chemical  constitution  by  which  they  lose  their  poisonous  properties. 
It  is  well  known  that  the  liver  is  a  storage  for  the  metallic  poisons 
mercury,  arsenic,  iodine,  and  antimony  for  long  periods.  The  liver 
also  transforms  the  bodies  developed  by  action  of  intestinal  bacteria  on 
proteid.  I  refer  to  indol  and  phenol.  Here  the  liver  exerts  a  protec- 
tive action  against  poisoning  by  these  bodies. 

When  the  liver  is  removed,  certain  nervous  symptoms  supervene, 
such  as  somnolence,  ataxia,  convulsions,  and  coma.  This  is  supposed 
to  be  due  to  the  ammonia  salts,  generated  in  proteid  digestion,  get- 
ting into  the  blood.  When  the  liver  is  present,  they  are  converted 
into  urea. 

The  liver  also  reduces  the  toxic  activity  of  poisons  generated 
by  specific  bacteria,  as  by  the  typhoid  bacilli  and  tetanus  organisms. 
The  liver  is  probably  the  seat  of  most  active  oxidations,  and  it  is  by 
these  chemical  activities  that  it  acts  as  a  protective  agent  against 
poisons. 

Internal  Secretion  of  the  Liver  (Glycogen). — Besides  secreting 
the  bile  to  be  partly  used  in  digestion,  but  mainly  as  an  excrementi- 
tious  substance,  the  liver  possesses  still  another  remarkable  function, 
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blood  before  it  can  serve  any  needs  in  the  economy.  From  our  data 
we  are  led  to  believe  that  the  glycogen  is  formed  and  stored  up 
in  the  liver-cell  protoplasm,  and  the  appearance  of  sugar  is  due  to  its 
transformation  by  liver  diastase,  to  be  absorbed  into  the  hepatic  veins. 
Glycogen  is  formed  most  abundantly  from  carbohydrate  food  and 
from  fats  (Pfluger),  and  next  from  proteids.  On  a  diet  rich  in 
carbohydrates,  the  glycogen  of  the  liver  reaches  15  per  cent.,  while  in 
a  state  of  starvation  it  may  be  so  small  as  to  escape  the  tests. 

Uses. 

The  liver  is  the  chief  storehouse  of  the  carbohydrate  material. 
Thus  the  use  of  the  glycogenic  function  of  the  liver  is  supposed  to  be 
that  of  continuously  supplying  material  which  may  be  easily  oxidized 
for  the  purpose  of  maintaining  animal  heat  and  motion.  Sugar  is  a 
very  unstable  article  in  the  presence  of  oxygen  with  albuminoid  sub- 
stances. The  sugar  becomes  oxidized,  both  in  the  blood  during 
respiration  as  well  as  in  the  tissues  supplied  by  the  blood. 

DIABETES. 

Diabetes  is  a  chronic  affection  characterized  by  the  constant  pres- 
ence of  grape-sugar  in  the  urine,  an  excessive  urinary  discharge,  and 
progressive  loss  of  flesh  and  strength.  Its  exact  pathology  is  as  yet 
unknown,  but  seems  to  be  intimately  associated  with  certain  nervous 
affections,  disturbed  hepatic  and  pancreatic  functions,  sexual  excesses, 
while  heredity  also  seems  to  play  an  important  role. 

Simple  Olycosnria  must  be  differentiated  from  the  disease  dia- 
betes (mellitus),  since  the  former  is  but  a  temporary  condition,  and 
not  a  disease.  When  excessive  quantities  of  sugar,  maltose,  etc.,  are 
eaten  by  a  perfectly  healthy  individual,  sugar  appears  in  the  urine, 
due  to  the  fact  that  all  of  the  absorbed  sugar  cannot  be  carried  into 
the  portal  circulation  fast  enough,  so  that  some  finds  its  way  into  the 
thoracic  duct  and  by  it  is  emptied  at  once  into  the  general  circulation. 
Before  reaching  the  liver,  where  it  would  be  stored  up  as  glycogen,  it 
passes  through  the  kidneys,  there  to  be  promptly  eliminated.  This 
temporary  condition  has  been  termed  simple,  or  alimentary,  glyco- 
suria. Dietary  conditions,  in  the  way  of  abstaining  from  starchy  and 
saccharine  foods,  will  promptly  eradicate  this  condition.  Simple 
glycosuria  may  also  result  from  the  inhalation  of  chloroform,  tur- 
pentine, use  of  chloral,  etc. ;  it  may  be  one  of  the  conditions  following 
injury  to  the  head.  Diabetic  glycosuria  differs  in  this,  that  sugar 
is  constant  and  is  not  made  more  significant  by  the  presence  of  large 
quantities, 
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We  know  from  our  study  of  the  glycogenic  function  of  the  liver 
that  glycogen  can  be  produced  from  proteids  by  synthesis  after  the 
proteid  molecule  has  been  first  broken  down. 

If  from  any  cause,  nervous  or  otherwise,  the  metabolism  of  the 
liver  is  interfered  with,  the  function  of  glycogenesis  is  disturbed,  and 
the  balance  broken,  with  the  result  of  the  appearance  of  sugar  in  the 
urine. 

Experimental  diabetes  may  be  produced  in  animals  in  various 
wa)^ : — 

1.  By  Diabetic  Puncture. — It  was  discovered  by  Bernard  that 
certain  lesions  to  the  cerebro-spinal  axis,  such  as  puncture  of  the  floor 
of  the  fourth  ventricle,  are  capable  of  producing  diabetic  conditions. 
After  puncture,  the  glycogen  of  the  liver  is  so  rapidly  converted  into 
sugar,  that  it  raises  the  percentage  of  sugar  in  the  blood  to  such  a 
degree  that  there  is  more  present  than  the  tissues  can  use  up,  and  thus 
some  of  it  finds  its  way  to  the  kidneys,  there  to  be  eliminated.  The 
increased  activity  of  the  hepatic  cells  in  transforming  the  glycogen 
is  believed  to  be  due  to  stimulation  of  the  vasomotor  center  in  the 
medulla  caused  by  the  puncture,  for  other  means  of  stimulating  this 
center  have  always  produced  temporary  diabetes.  In  man,  some  dis- 
eases of  the  brain,  particularly  those  in  the  medullary  region,  are 
characterized  by  diabetic  symptoms. 

2.  Adrenalin  Olncosnria. — Injection  of  adrenalin  produces  dia- 
betes. It  is  due  to  a  hyperglycaemia.  There  is  an  increase  of  glucose, 
due  to  a  decrease  in  its  destruction.  The  ammonia  excretion  is  con- 
siderably increased.  Hence,  in  Bernard's  puncture,  there  is  an  over- 
production of  dextrose  by  the  liver;  in  pancreatic  diabetes,  a  want  of 
destruction  of  glucose  in  the  body.  In  phloridzin  diabetes,  there  is 
production  of  sugar  by  the  renal  cells,  and  in  diabetes  mellitus,  a 
hyperglycsemia,  and  this  is  due  to  a  want  of  destruction.  The  sugar 
in  diabetes  mellitus  is  derived  from  carbohydrates,  proteids,  and  fats. 

3.  Phloridzin. — This  drug  is  a  glucoside  obtained  from  the  root- 
bark  of  cherry-trees.  Powerful  results  are  obtained  after  its  admin- 
istration either  by  the  stomach  or  by  subcutaneous  or  intravenous 
injection.  With  the  appearance  of  the  sugar  in  the  urine,  there  is  a 
diminution  in  the  quantity  of  glycogen  in  the  liver.  If  the  drug 
be  administered  repeatedly,  so  that  all  of  the  glycogen  from  the  liver 
and  other  tissues  is  entirely  used  up,  and  then  an  additional  dose  be 
administered,  dextrose  will  promptly  appear. 

Phloridzin  Diabetes. — Here  the  ratio  of  dextrose  to  nitro- 
gen excreted  in  starving  animals  is  about  the  same  as  in  pancreatic 
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diabetes,  as  has  been  shown  by  Lusk.  The  proportion  is  3.5  to  1. 
In  phloridzin  diabetes,  just  as  in  pancreatic  diabetes,  the  tissue  pro- 
teid  is  the  source  of  the  sugar,  and  these  two  forms  of  diabetes  are 
identical  as  regards  their  cause.  In  phloridzin  diabetes,  the  organism 
has  not  lost  the  power  of  oxidizing  glucose,  as  in  pancreatic  diabetes 
or  in  diabetes  mellitus.  Phloridzin  diabetes  is  not  hyperglycaemia. 
Pavy  and  Brodie  have  shown  that  the  sugar  is  formed  in  the  kidney 
itself,  out  of  serum-proteid  in  the  blood.  Phloridzin  confers  a 
secretory  power  on  the  renal  cells.  Beta-oxybutyric  acid  also  appears 
in  the  urine  after  prolonged  administration  of  phloridzin. 

To  epitomize:  Diabetes  appears  (1)  after  the  use  of  certain 
agents,  adrenalin,  iodothyrin,  and  particularly  phloridzin;  (2)  after 
inhalation  of  chloroform  and  amyl  nitrite;  (3)  after  puncture  of  the 
medulla  oblongata;  (4)  by  section  of  the  spinal  cord  above  the  exit 
of  the  hepatic  nerves,  probably  by  a  paralysis  of  the  vasoconstrictors 
of  the  liver;  (5)  by  irritation  of  the  central  ends  of  the  vagus  and 
depressor;  (6)  by  extirpation  of  the  pancreas. 

The  majority  of  cases  of  true  diabetes  terminate  fatally.  Death 
is  due  to  exhaustion  and  blood-poisoning,  producing,  just  previous 
to  the  end,  a  condition  of  complete  coma  called  acetonaemia. 

Beta-oxybutyric  acid  is  the  chief  acid  in  diabetic  coma.  It  is 
believed  to  be  produced  by  the  excessive  metabolism  of  proteid. 
Whenever  a  patient  passes  more  than  five  grains  of  oxybutyric  acid 
daily  then  the  danger  of  acid  intoxication  must  be  watched.  As  to 
the  estimation  of  the  beta-oxybutyric  acid,  it  can  be  made  by  ascer- 
taining the  amount  of  ammonia  excreted,  as  it  gives  a  rough  index 
of  the  excretion  of  the  acid.  Thus,  a  daily  output  of  ammonia  of 
two  grams  corresponds  to  about  six  grams  of  the  acid. 

The  supply  of  ammonia  which  can  be  used  to  neutralize  acids 
is  derived  from  the  metabolism  of  cells  and  from  the  decomposition 
chiefly  of  meat  used  as  food.  In  the  beta-oxybutyric  acid  intoxica- 
tion, this  ammonia,  instead  of  forming  urea,  goes  to  neutralize  the 
acid,  and  is  excreted  in  the  urine  as  an  ammonium  salt. 

The  treatment  of  this  diabetic  coma  is  by  sodium  bicarbonate, 
by  intravenous  injection  and  by  mouth. 

CONJUGATED  SULPHATES. 

The  aromatic  products  which  are  formed  in  the  intestine — such  as 
indol,  skatol,  phenol,  and  cresol — are  eliminated  by  the  kidneys  in  the 
form  of  sulphates.  The  aromatic  bodies  are  absorbed  By  the  portal 
vein  and  in  the  liver  unite  with  suphuric  acid  produced  by  the  oxida- 
tion of  the  sulphur  of  the  proteids. 
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UREA  AND  URIC  ACID. 

The  liver  receives  products  from  the  muscles,  as  ammonium 
carbonate,  and  builds  it  into  urea.     It  also  destroys  uric  acid. 

Jaundice  is  a  discoloration  of  the  skin  due  to  the  reabsorption 
of  bile  by  the  lymphatics  of  the  liver.  This  is  usually  due  to 
obstruction  of  the  bile-ducts  by  a  catarrh,  a  calculus,  or  a  tumor. 
Arsenuretted  hydrogen  and  toluylendiamin  will  produce  jaundice. 

Inflnenoe  of  Dmgt  on  Secretion  of  Bile. — Podophyllin,  aloes, 
nitrohydrochloric  acid,  ipecacuanha,  euonymin,  and  sodium  phos- 
phate stimulate  the  bile-secreting  apparatus.  Other  substances,  like 
calomel,  stimulate  the  intestinal  glands,  but  not  the  liver-cella.  The 
best  stimulant  of  the  liver  is  bile-acids  in  ox-gall,  but  it  is  impor- 
tant to  remember  that  bile  in  the  intestine  is  liable  to  be  absorbed ; 
hence  it  is  best  to  combine  a  purgative  with  it  to  carry  it  down  the 
intestinal  canal. 

THE  SUCCUS  ENTERICUS. 

By  most  physiologists  the  presence  of  a  certain  liquid  product, 
occurring  upon  the  surface  of  the  intestinal  mucous  membrane,  is 
attributed  to  the  secretory  powers  of  the  crypts  of  Lieberkuhn  and 
the  glands  of  Brunner,  presumably  due  to  their  columnar  cells, 
although  the  real  mechanism  of  its  secretion  is  still  unknown.  To 
this  secretion  the  name  sulcus  entericus  has  been  commonly  given. 
As  described  by  Thiry,  it  is  "a  limpid,  opalescent,  light-yellow- 
colored  fluid,  strongly  alkaline  in  reaction,  and  possessing  a  specific 
gravity  of  1.010.*'  It  contains  proteid  and  mucin,  while  its  great 
alkalinity  is  due  to  the  presence  of  a  considerable  quantity  of  sodium 
carbonate;  the  latter^s  presence  is  easily  detected  by  the  efferves- 
cence, resulting  upon  mixture  with  dilute  acids.  The  amount 
secreted  daily  is,  perhaps,  about  two  pounds.  Erepsin,  a  ferment 
found  in  the  succus  entericus,  does  not  act  on  albumins,  but  l)reaks 
up  albumoses,  peptones,  casein,  protamin,  and  histon,  changing  them 
into  leucin,  tyrosin,  and  ammonia. 

The  succus  entericus  also  contains  a  ferment  like  that  in  veast 
— invertin.  This  body  inverts  cane-sugar  into  dextrose  and  Ijevu- 
lose,  and  maltose  into  two  molecules  of  dextrose.  On  cane-sugar 
it  acts  as  follows: — 

C12H22O11  -{-  HjO  =  CeHijOo  +  Cg  -f-  ^^01^12^0 
Sucrose.  Water.        Dextrose.  Laevulose. 

This  inversion  is  necessary  for  the  absorption  of  these  sugars. 

All  sucklings,  including  the  new-bom  child,  have  lactase  present 
in  the  pancreatic  and  intestinal  juice.     Weinland  has  shown  that  a 
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(log  fed  on  milk-sugar  develops  lactase  in  the  pancreatic  juice  whilst 
it  normally  contains  little  or  no  lactase. 

Maltase  is  also  said  to  exist  in  the  intestinal  juice,  splitting  the 
maltose  into  dextrose. 

The  succus  also  contains  another  fennent  known  as  enterokinase 
— a  ferment  of  ferments. 

This  ferment  augments  the  activity  of  the  pancreatic  ferments, 
especially  the  trypsin,  by  converting  the  trypsinogen  of  the  pan- 
creatic juice  into  trypsin.  When  dogs  are  fed  only  on  starch  and 
fatty  foods,  then  the  pancreatic  juice  contains  trypsinogen  with  the 
object  of  protecting  the  amylopsin  and  steapsin.  If  the  dogs  were 
fed  on  meat  exclusively,  then  the  pancreatic  juice  contained  mainly 
the  ferment  in  the  shape  of  trypsin.  Unlike  the  stomach,  mechani- 
cal irritation  of  the  intestine  calls  out  increased  secretion  of  the 
succus  entericus.  But  the  intestine  has  a  special  stimulus,  and  that 
is  the  pancreatic  juice.  If  a  little  pancreatic  juice  is  inserted  into 
a  loop  of  the  intestine  for  half  an  hour,  then  a  fluid  will  be  secreted 
containing  much  enterokinase.  Every  cannula  introduced  into  an 
intestine  acts  as  a  foreign  body  and  excites  a  secretion  of  water, 
with  the  object  of  washing  it  out  of  the  intestine,  and  the  amount 
of  enterokinase  becomes  steadily  less  and  less.  Hence  a  mechanical 
stimulus  calls  out  only  water,  and  explains  the  severe  diarrhoea  of 
acute  enteritis,  while  the  ferment  enterokinase  is  called  out  by  the 
pancreatic  juice. 

Secretin  injected  into  the  circulation  causes  a  secretion  of 
intestinal  juice. 

INNERVATION  OF  THE  SMALL  INTESTINE. 

• 

If  a  piece  of  the  small  intestine  between  two  ligatures  has  the 
nerves  going  to  it  divided,  then  we  have  a  paralytic  secretion.  A 
similar  state  of  affairs  ensues  after  section  of  the  nerves  supplying 
the  submaxillary  gland.  In  the  intestinal  segment  with  its  nerves 
divided  will  be  found  an  abundant  supply  of  intestinal  juice,  contain- 
ing enterokinase  and  erepsin.  This  effect  is  probably  due  to  sec- 
tion of  nerves  which  normally  inhibit  the  secretion.  The  contigu- 
ous intestinal  segments  with  intact  nerves  are  nearly  empty. 

DIGESTION  IN  THE  LARGE  INTESTINE. 

Besides  the  changes  wrought  upon  the  foodstuffs  in  the  mouth, 
stomach,  and  small  intestine  by  the  various  digestive  secretions  with 
their  powerful  enzymes,  there  is  still  another  more  or  less  active 
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throughout  the  entire  alimentary  canal  from  mouth  to  anus,  but  are 
more  numerous  in  the  intestines,  particularly  in  the  large  one,  where 
their  action  is  very  marked  upon  matters  i  caching  it,  so  as  to  give 
rise  to  the  term  "bacterial  digestion."  In  the  stomach,  under  nor- 
mal conditions,  the  putrefactive  activity  of  the  bacteria  is  neutralized 
and  the  germs  themselves  are  killed  by  the  free  hydrochloric  acid  of 
the  gastric  juice.  It  is  in  the  intestines,  where  the  secretions  are 
alkaline,  that  the  best  media  are  found  for  their  culture  and  develop- 
ment. 

It  has  been  suggested  that  bacterial  digestion  was  necessar}'  to 
the  economy,  because  it  accomplishes  so  many  things.  But  it  has 
been  shown  by  Xuttal  that,  by  removing  guinea-pig  foetuses  directly 
l)y  incision  from  the  uterus,  and  with  antiseptic  care,  and  then 
keeping  them  in  a  sterile  chamber,  receiving  sterilized  air  and  fed 
on  sterile  milk,  they  grew.  When  their  intestinal  contents  were 
examined  no  bacteria  were  found.  Hence  the  inference  is  that 
liacteria  are  not  necessary  for  good  digestion. 

The  two  chief  bacteria  are  the  lactic  acid  bacillus  and  the  colon 
bacillus.  The  former  is  found  in  the  stomach  at  times  and  the 
upper  part  of  the  small  intestine.  The  colon  bacillus  chiefly  lives 
in  the  colon.  These  bacteria  are  aerobic;  that  is,  they  consume 
oxygen  in  the  action.  Hence  they  are  powerful  reducing  agents. 
Thus  they  take  oxygen  from  bilirubin  and  form  stercobilin.  But, 
although  these  microbes  use  oxygen,  they  can  also  live  without  it. 
On  proteids  the  bacteria  produce  by  their  action  proteoses  and  pep- 
tones, and  from  tyrosin  the  aromatic  bodies:  phenol  and  cresol. 
Indol  and  skatol  are  derived  from  tryptophane.  On  carbohydrates 
the  bacteria  act  like  ptyalin  and  amylopsin;  on  fats  they  act  like 
steapsin,  breaking  up  lecithin  into  cholin.  Bacteria  in  the  stomach 
and  intestine  can  set  up  five  kinds  of  fermentation:  (1)  alcoholic; 
(2)  acetic;  (3)  lactic;  (4)  butyric;  and  (5)  a  form  of  fermentation 
discovered  l)v  Drs.  Ilerter  and  Baldwin — the  oxalic  acid  varietv. 
These  fermentations  may  give  rise  to  acute  and  chronic  gastro-en- 
teritis.  In  the  intestine  the  fermentations  will  give  rise  to  excessive 
distension,  diarrhoea,  colic,  and  a  loss  of  weight  and  strength.  The 
remote  effects  of  these  fermentations  will  be  an  increase  of  uric  and 
oxalic  acid  in  the  urine  and  of  the  acidity  of  the  urine  itself,  causing 
frequent  urinations,  especially  at  night.  The  best  indication  of 
intestinal  putrefaction  is  the  aromatic  or  ethereal  sulphates  which 
appear  in  the  urine.     The  easiest  test  to  detect  the  indoxyl  sulphate 
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nf  potasBiDm  is  the  indican  reaction.'  These  bacteria  al»o  help  form 
tliv  gases  of  the  intOHtine  by  a  fcrinciitatioii  of  the  food.  The  gascH 
ill  the  iiiter^tinc  nre  uitropoii,  carbonic  aciti,  liy(ln)f;fii,  nulp  buret  tod 
Iirdrogen,  and  carbnretted  hydrogen.  The  large  intesthic  is  not 
nooeosary  to  life,  an  the  cure  of  chronic  constipation  ban  been  accom- 
plished by  resection  of  the  intestine. 

THE  FAECES 

The  foods  that  have  failed  to  be  absorbed,  after  having  remained 
aliout  three  hours  in  the  small  intestine,  pass  into  the  large  intestine, 
where  they  remain  for  a1>oiit  twelve  honrc.     The  ([iiantity  and  pnn- 
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sintency  of  that  secreted  daily  by  an  adult  variort  within  wide  marks, 
depending  upon  the  kind  of  diet,  and  the  length  of  time  the  food- 
stuffs remain  within  the  intestine.  The  adult  eliminates  about  8 
ounces  of  moist  exireinent  per  diem.  From  a  vegetable  diet  the 
fffces  are  both  softer  and  contain  a  higher  percentage  of  solids,  than 
from  a  meat  diet;  softer  because  their  irritations  to  the  intestinal 
wall.i  heighten  mncous  secretion  and  inerease  peristalsis,  thereby 
hastening  its  pasnage.  to  (lie  detriment  of  nlisorption.  In  a  meat 
diet  the  want  of  this  slimnliitioii  retards  defecation  to  such  an  extent 
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that  it  may  occur  but  once  in  several  days.  The  stools  are  then 
small  in  amount  and  dark  in  color.  Tlie  stimulating  action  of  vege- 
tables is  what  makes  them  so  valuable  in  mixed. diets,  though  they 
are  inferior  in  nutritive  value,  bulk  for  bulk. 

Alihough  the  fjvces  are  so  variable  (juantitatively,  they  are  more 
consistent  qualitatively,  and  present  the  following  substances: — 

I.  Water. — In  health  about  75  per  cent.;  this  becomes  much 
greater  during  diarrhoea. 

n.  Indigestible  Besidue  of  different  foodstuffs,  as  nuclein,  kera- 
tin, from  epidermic  structures,  htiematin  from  hamioglobin,  ligaments 
of  meat,  cellulose  from  vegetables,  mucin,  w^ood-fibers,  gums,  resins, 
and  cholesterin. 

m.  XTiidigested  Food. — The  quantity  of  food  ingested  has  an 
effect.  The  more  one  eats,  the  more  likely  he  is  to  have  a  quantity 
ci  undigested  matters  in  the  stool.  These  undissolved  substances 
are  usually  pieces  of  vegetables,  muscle-fibers,  connective  tissue,  and 
small  quantities  of  casein  and  fat.  These  materials  help  to  accelerate 
])eristalsis  and  so  interfere  with  a  proper  absorption  of  those  foods 
that  would  otherwise  be  readily  taken  up. 

rV.  Mucous  Epithelial  Cells. — The  microscope  shows  these  are 
present  from  the  intestinal  surface. 

V.  Derivatives  of  Bile-salts  and  Bile-pigments. — These  are  sterco- 
bilin,  cholesterin,  traces  of  bile-acids,  and  lecithin. 

VI.  Number  of  Putrid  Products,  as  skatol,  indol,  phenol,  volatile 
fatty  acids,  ammonia,  sulphuretted  hydrogen,  and  methane. 

VII.  Inorganic  Salts. — These  are  salts  of  sodium,  potassium,  cal- 
cium, magnesium,  and  iron. 

VIII.  Micro-organisms. — Bacteria  of  numerous  kinds  are  present 
in  the  faeces. 

The  coloring  matter  is  stercobilin.  The  odor  is  due  to  skatol 
and  indol. 

The  fa?ces  in  part  are  a  product  of  secretion  of  the  intestine 
itself.  Hence  the  nitrogen  of  the  fa?ces  comes  not  only  from  indi- 
gestible food,  but  also  from  the  secretion  of  the  intestine,  and  thus 
is  a  partial  index  of  metabolism. 

The  Color  depends  upon  the  kind  of  food  ingested;  meat  gives 
dark-brown  or  black,  vegetables  light-yellow,  faeces.  The  reaction 
is  normally  alkaline  in  adults,  while  in  infants  it  may  be  acid  and 
yet  not  pathological. 

Meconium  is  the  name  given  to  the  greenish-black  contents  of 
the  large  intestine  of  the  fretus  which  is  expelled  at  or  after  birth. 
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It  is  chiefly  concentrated  bile  with  intestinal  epithelium.  The  color- 
ing iiiatler  is  a  mixture  ot  biiinibiii  uiiil  bilivenlia,  not  s-lcrcobiliu. 
Defecation. — Tlie  act  iif  (Iffecation  i.-<,  tii  a  slijibl  extent,  rotun- 
tarif,  being  in  the  iiiaia  iiirutuntary.  In  tirdur  that  the  fa'ces  may 
not  stimulate  mechanically  the  njihinctcr  refk'xcs  mo  that  they  relax 
at  any  time,  volition  i>hiys  a  role,  Fi)r  tliere  is  a  cuiiler,  having  its 
scat  in  the  brain,  which  is  inhibitory,  anil  liy  voluntary  impulses  the 
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iixlividual  is  capable  of  relaxing  or  increasing  Die  conlniclion  of  the 
external  sphincter  ani. 

The  inhibitory  apparatus  of  the  ano-spinal  center  arii^es.  accord- 
ing to  the  latent  researches  that  I  have  made  npon  the  subject,  from 
the  locus  niger  of  tlie  rrura  ccrelirl.  From  this  point  inhibitor^' 
fillers  descend,  some  of  which  eoniniencc  to  decussate  at  a  point  in 
the  pons  down  to  the  nib  of  the  calamus  seriptorius,  and  then  pass 
down  the  lateral  cohmins.  Some  of  the  fibers,  not  dceussating,  also 
pass  down  the  lateral  column.  This  inhibitory  apparatus  is  under 
the  control  of  a  center  in  the  cortex,  I  mi{;h(  add  here  that  the 
same  inhibitory  apparatus  presides  over  tlie  spliiiieter  vajjina?. 
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hunger  and  thirst  is  not  known.  In  all  case^i,  it  is  acknowledged  (hat 
thirst  is  more  painful  than  hunger,  and  it  is  more  urgent  to  satisfy 
thirst  than  hunger.  A  dog  without  food,  but  supplied  with  water, 
lives  twice  as  long  as  a  dog  deprived  of  both  food  and  water. 

Pharmacological. 

Potassium  chlorate  is  excreted  in  the  saliva. 

Fat  and  bismuth  restrain  the  flow  of  gastric  juice. 

Morphia  stops  the  movements  of  the  stomach  and  food  remains 
there  a  long  time. 

Sulphur  i)roduces  peristalsis  by  the  development  of  sulphuretted 
hydrogen,  which  acts  as  a  chemical  stimulant. 

Emetine  of  ipecac  acts  directly  on  the  vomiting  center,  and  also 
on  the  vagus  nerve-ends  in  the  stomach. 

Tea  is  not  favorable  to  digestion,  as  it  retards  the  action  of 
ptyalin.     In  the  majority  of  cases  of  dyspepsia  ptyalin  is  diminished. 

In  emotions,  when  the  mouth  becomes  dr}',  it  is  caused  by  a 
psychical  effect  on  the  sympathetic. 

The  acid  of  the  gastric  juice  seems  to  have  but  little  control 
over  the  prevention  of  putrefaction,  hence  the  diarrhoea  of  achylia  is 
not  due  to  an  increase  of  putrefactive  changes.  Cold  drinks  are  apt 
to  escape  from  the  stomach  not  thoroughly  warmed,  and  may  be  a 
cause  of  diarrhoea. 

After  the  age  of  fifty,  Seidelin  states  that  40  per  cent,  have 
little  or  no  HCL. 

When  more  hydrochloric  acid  is  required  it  is  obtained  by  aug- 
menting the  whole  quantity  of  gastric  juice,  which  is  pretty  constant 
in  its  chemical  contents,  and  not  by  pouring  out  a  more  acid  juice. 

Colic  can  bo  caused  by  a  want  of  co-ordination  in  peristalsis, 
where  a  relaxation  in  front  fails  to  coincide  with  a  contraction 
behind. 


CHAPTER  IV. 

ABSORPTION. 

According  to  some  authors,  the  absorption  of  the  economy  in  its 
fuiirety  consists  of  two  processes,  the  first  ol  vhich  has  for  its  pur- 
IH>se  and  aim  the  introduction  into  the  blood-stream  of  fresh  material, 
for  the  nutrition  of  the  various  tissues  of  the  body.  It  is  called  ab- 
sorption from  without,  and  has  its  seat  in  the  alimentary  canal  chiefly, 
aided,  to  some  extent,  by  the  skin  and  lungs.  The  second  process 
endeavors  to  remove  from  the  numerous  tissues  of  the  body,  by  very 
gradual  measures,  the  waste-products  that  would  othen^ise  accrue 
everywhere  within  the  body,  as  a  resultant  of  the  use  of  its  various 
tissues.  This  second  process  is  known  as  the  absorption  that  takes 
place  from  u^thin,  and  has  its  seat  everywhere  within  the  tissues  of 
the  bodv. 

For  many  years  the  old  physiologists  entertained  the  view  that 
absorption  of  the  end-products  of  digestion  from  the  alimentary 
canal  was  purely  physical ;  that  is,  that  the  same  laws  governed  this 
Inxlily  function  that  do  the  passage  of  any  liquid,  with  its  contained 
dissolved  substances,  through  a  dead  membrane  placed  outside  of  the 
l>ody.  These  processes  of  osmosis  and  filtration,  as  they  were  known 
to  the  physicist,  are  to  a  small  extent  responsible  for  some  of  the 
intestinal  absorption.  But  lo-day  the  newer  view  concerning  thif 
absorption  is  accepted,  whereby  it  is  believed  that  the  living  epithelial 
cells  of  the  lining  mucous  membrane  of  the  small  intestine  possess  in 
themselves,  as  living  beings,  the  power  to  exert  a  selective  action  dur- 
ing absorption ;  at  the  same  time,  they  modify  the  end-products  dur- 
ing their  passage  through  them.  They  change  the  peptones  into  al- 
bumins, and  unite  the  fatty  acids  to  glycerin.  That  the  process  was 
selective,  and  not  due  to  purely  physical  laws,  was  proved  by  the  more 
rapid  absorption  of  grape-sugar  than  sodium  sulphate,  though  the 
latter  was  many  times  more  diffusible  than  the  former. 

OSMOSIS. 

Ions. 

An  electrol\'te  is  a  chemical  compound  which,  when  molten  or  in 
solution,  conducts  an  electrical  current.  When  such  a  current  passes 
through  its  solution,  the  latter  undergoes  certain  changes  that  are 
grouped  under  the  name  of  electrolysis.     The  places  at  which  the 
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electrical  current  enters  or  leaves  the  electrolyte  are  called  electrodes: 
the  anode  and  cathode.  The  electrically  charged  particles,  the  aggre- 
gation of  which  constitutes  a  molecule  of  the  electrolyte,  are  called 
the  ions  of  the  electrolyte.  The  ions  which,  under  the  influence  of 
the  electrical  current,  migrate  to  the  anode  are  anions;  those  which 
wander  to  the  cathode,  cathions.  Thus,  for  example,  NaCl  is  an  elec- 
trolyte; Na  and  CI  are  its  ions;  Na  is  the  cathion,  CI  the  anion;  in 
the  electrolysis  of  an  NaCl  solution  the  cathion,  Na,  wanders  to  the 
cathode,  the  anion  to  the  anode.  According  to  Clausius,  the  con- 
stituents of  a  greater  or  less  number  of  dissolved  molecules  exist  in  a 
free  state,  and  move  in  all  directions  through  the  solution  even  before 
the  passage  of  an  electrical  current.  Only  the  presence  of  the  free 
ions  makes  it  possible  that  such  a  solution  can  at  all  conduct  e'ee- 
trieity.  If  we  dissolve  crystals  of  sodium  chloride  in  water,  a  part  of 
the  NaCl  molecules  split  into  ions:  Na  and  CI.  If  an  electrical  cur- 
rent is  passed  through  such  a  solution  the  ions,  which  at  first  were 
moving  in  all  directions,  are  arrested  and  drawn  to  the  poles.  An 
ion  is  the  electrolytic  representative  of  an  atom. 

In  an  aqueous  solution  of  an  acid,  the  kation  is  hydrogen,  and  the 
anion  is  the  acid  radical.  In  the  solution  of  a  base,  the  kation  is 
the  metal  or  metallic  radical,  as  for  example,  ammonium  NH4,  and 
the  anion,  the  hydroxyl  OH.  In  the  solution  of  a  salt,  the  kation  is 
*the  metal,  and  the  anion  the  acid  radical.  The  kations  carry  the 
positive  electricity,  and  therefore  move  towards  the  negative  pole  or 
cathode.  The  anions  carry  the  negative  electricity,  and  therefore 
move  towards  the  anode.  Suppose  we  have  an  aqueous  solution  of 
hydrochloric  acid ;  the  positive  ion  is  hydrogen  and  the  negative 
chlorine,  the  water  being  supposed  to  play  no  part  in  the  conductivity. 
If  a  solution  of  sodium  sulphate  be  electrolysed,  the  positive  ion  is 
sodium,  the  negative  SO4.  It  is  convenient  to  have  a  system  of 
names  for  the  ions  derived  from  acids,  bases,  and  salts,  which  shall 
represent  not  so  much  the  ions  as  the  particles,  but  rather  ionic  sub- 
stances. 

The  following  system  has  been  proposed,  in  which  the  names  are 
derived  directly  from  the  names  of  the  ionized  salts.  The  positive 
ions  receive  their  names  from  the  positive  radicals  of  the  salts,  acids, 
and  bases  by  the  replacement  of  the  terminations,  by  the  suflSx  ion; 
for  example : — 

Hydrion,  H'  Sod  ion,  Na' 

Calcion,  Ca'  Argention.  Ag' 

Ammonion,  NH^' 
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When  one  radical,  as  iron,  Fe,  exists  in  two  sets  of  salts,  the 
positive  ions  of  these  salts  may  be  distinguislied  from  each  other  by 
a  prefix  indicating  electro-valency.  Thus,  diferrion,  Fe";  trifer- 
rion,  Fe'". 

The  names  of  all  negative  radicals  terminate  in  ate,  ite,  or  ide. 
Corresponding  to  these  we  have  the  terminations  for  the  negative  ion, 
anion,  osion,  and  idion,  respectively.     Thus  we  obtain : — 

Sulphanion,  80/  Sulphosion,  SO," 

Sulphidion,  8"  Ilydrosulphidion,  HS' 

Carbonion,  CO,"  Hydroxion,  OH' 

The  function  of  ions,  by  their  presence  in  definite  proportion 
in  each  tissue,  is  to  preserve  the  "labile  equilibrium"  of  the  colloid 
materials  of  the  protoplasm  on  which  its  activities  depend. 

Osmotic  Pressure. 

If  over  a  layer  of  distilled  water  we  drop  a  layer  of  colored  solu- 
tion like  copper  sulphate,  then  the  two  solutions  are  sharply  separated 
from  each  other.  But  soon  the  line  of  separation  between  the  liquids 
Tanishes;  the  colorless  layer  of  water  always  becomes  smaller  and  at 
last  disappears,  so  that  the  whole  mass  is  colored.  As  soon  as  the 
color-solution  comes  into  contact  with  the  water,  then  the  molecules 
of  the  salt  begin  to  wander  in  the  water  and  color  it.  By  a  certain 
force  the  molecules  overcome  the  heavy  colored  particles  and  from 
beneath  are  moved  upward,  and  thig  continues  until  both  fluids  have 
the  same  concentration. 

Diffuiion. — When  two  miscible  crystallized  solutions  of  different 
concentration  are  placed  on  either  side  of  a  perfectly  permeable  mem- 
brane, it  will  be  found  after  some  time  that  both  solutions  have  the 
same  concentration.  If  on  one  side  of  the  membrane  there  was  a 
20-per-cent.  solution  of  NaCl  and  on  the  other  side  a  lO-per-cent.  solu- 
tion of  NaCl,  then  after  a  time  both  will  be  a  15-per-cent.  solu- 
tion, because  of  the  exchange  of  water  and  salt  on  each  side  of  the 
membrane.  Diffusion,  or  dialysis,  is  the  passage  of  the  molecules  of 
the  substances  in  solution. 

Osmosis. — If  now  we  separate  these  two  solutions,  a  colored  be- 
neath and  the  water  above,  by  a  partition  which  can  be  penetrated  by 
the  water  but  not  by  the  colored  ])articles,  then  the  partition  will  be 
pressed  upward.  If  the  partition  is  weighted  so  that  its  pressing 
upward  movement  does  not  take  place,  then  the  weight  correspond? 
to  the  pn»ssure  exerted  by  the  particles  of  the  colored  salt.     The  pres- 


138 


PHYSIOLOGY. 


sure  nieasure  that  way  is  called  the  osmotic  pressure  of  tlie  solution, 
from  the  Greek  to  force  through.  Osmosis  is  the  passage  of  a  stream 
of  water-molecules  through  a  membrane. 


B 


Osmotic  Pressure.^ 

Saw  a  Pasteur-Chamberland  filter  in  half.  The  cylinder  is  tlien 
dipped  in  dilute  hydrochloric  acid,  which  is  sucked  through  the  wall 
of  the  cylinder  by  a  hydraulic  airpump  in  order  to  remove  any  caolin 

dust  that  might  choke  its  pores;  then  rinse  with 
water  in  a  similar  way.  A  beaker  is  now  filled 
with  a  solution  of  potassium  ferrocyanide  (130 
grams  per  liter),  the  cylinder  is  dipped  into  it,  and 
the  solution  is  sucked  through  its  wall.  After  the 
cylinder  has  been  again  rinsed  in  water,  it  is  dipped 
into  a  second  beaker  containing  a  copper  solution 
(24d  grams  of  the  salt  per  liter),  the  inside  of  the 
cylinder  being  also  filled  with  the  solution.  A  layer 
of  the  cylinder,  and  this  precipitate  constitutes  the 
semipermeable  precipitation  membrane  which  is 
permeable  for  water,  but  impermeable  for  salts. 

If  we  introduce  a  sugar  solution  into  cell  C 
prepared  in  this  manner  and  close  it  with  the 
stopper  of  rubber  aS',  which  is  perforated  by  the 
tube  AB,  then  when  C  is  dipped  into  pure  water, 
the  sugar  endeavors  to  pass  from  the  place  of 
higher  concentration  (the  solution)  to  that  of 
lower  concentration  (the  water  without  the  cell). 
But  this  movement  is  opposed  by  'the  semiperme- 

yig^  33, Osiiionieter.  ^^^®   membrane,    and    in    consequence   the   sugar 

(Cohen.)  exerts  a  pressure  upon  the  membrane.     Since  this 

wall,  however,  is  unyielding  and  so  resists  the 
pressure,  a  pull  is  exerted  upon  the  water  by  the  solution  which  tends  to 
dilute  the  latter.  This  comes  to  pass  when  the  solution  enters  the  tube 
and  the  water  from  G  streams  through  the  membrane  into  the  cell 
and  dilutes  the  solution.  This  process  goes  on  until  the  resulting 
hydrostatic  pressure  in  .4^  prevents  the  further  entrance  of  the 
water.  When  equilibrium  has  bc^n  established  this  hydrostatic 
pressure  is  equal  to  the  osmotic  pressure  of  the  solution.  Con- 
versely,  however,   the   latter  may  be  measured   by   ascertaining  the 
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*  Literature  consiiltecl:     Cohen's  "Physical  Cliemistry,"  1903, 
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hv(lnK<talic  prctjisure  which  exists  when  equilibrium  is  established; 
with  lOU  <;:raiiis  of  water,  containing  0  grams  of  sugar,  the  osmotic 
pressure  was  3075  millimeters  of  mercury. 

Boyle-Van't  Hoflf  Law. — At  constant  temperature  the  osmotic 
j>ressure  of  dilute  solutions  is  proportional  to  the  concentration  of 
the  dissolved  substance.  Gav-Lussac-Van't  Hoff  law  for  dilute  solu- 
tions  is  as  follows:  At  constant  volume  the  osmotic  pressure  of 
dilute  solutions  increases  as  the  temperature;  or,  also,  the  osmotic 
pressure  of  dilute  solutions  is  proportional  to  the  absolute  temperature. 

Law  o£  Ayogadro-Van't  Hoff. — At  tlie  same  osmotic  pressure 
and  the  same  temperature  equal  volumes  of  dilute  solutions  con- 
tain the  same  number  of  molecules.  The  gases  have  been  shown 
h»ng  ago  to  have  the  same  laws.  Although  osmotic  pressure  can  be 
obtaineil  by  the  Pasteur-Chamberland  cell  with  a  deposit  of  copper 
fern>oyanide  in  its  pores,  yet  this  determination  is  inaccurate;  hence 
Me  have  recourse  to  the  determination  of  the  freezing  point. 

According  to  Arrhenius,  the  dissociated  ions  of  an  electrolyte 
in  soluti<m  are  capable  of  exciting  pressure  as  well  as  the  undis- 
sociatcMl  molecules. 

It  has  long  been  known  that  the  freezing-point  of  water  is  low- 
ere<I  by  the  addition  of  soluble  substances.  The  lowering  is,  within 
ctrtain  limits,  proportional  to  the  concentration  of  the  solution. 

For  the  biologist  the  great  importance  of  the  freezing-point 
determination  lies  in  the  fact  that  it  enables  him  to  ascertain  the 
number  of  molecules  dissolved  in  a  given  volume  of  any  body  fluid. 
A  depression  of  the  freezing-point  of  V^ooo  degree  corresponds  to 
an  osmotic  pressure  equal  to  0.012  atmospheres.  While  chemical 
analysis  can  tell  us  much  concerning  the  composition  of  physiolog- 
iral  fluids,  it  cannot  yield  us  anything  definite  concerning  the 
osmotic  bohavoir  of  such  solutions.  This  ])ecome8  intelligible  when 
we  remember  that  the  osmotic  pressure  of  a  solution  is  dependent 
upon  the  number  of  molecules  (-^-  ions)  it  contains,  and  that  this 
cannot  be  determined  by  chemical  analvsis.  Bv  the  determination 
of  the  lowering  of  the  freezing-point  (cryoscopy)  we  have  a  direct 
means  of  accomplishing  our  end.  By  finding  out  the  freezing-point 
of  blood  and  of  urine  it  is  possible  to  discover  a  lessened  permeabil- 
itv  of  the  kidnevs  for  dissolved  molecules  and  disturbances  in  the 
serretion  of  water. 

The  freezing-point  is  determined  by  Bockman's  differential 
thermometer.  This,  the  freezing-point  of  hlood-senmi  of  mam- 
mals is  0.50®  C.  lower  than  water.     It  is  usually  expressed  by  the 
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Greek  delta  A-  A  solution  of  XaCl  of  O.DS-per-cent.  strength  gives 
the  same  A,  hence  the  two  solutions  have  the  same  osmotic 
pressure  and  0.i)5  per  cent,  of  NaCl  is  isotonic  with  mammal's 
serum. 

The  A  of  any  given  solution  may  be  expressed  in  terms  of  a 
gram-molecular  solution  by  dividing  it  by  the  constant  1.87,  since 
a  gram-molecular  solution  of  a  nonelectrolyte  is  known  to  lower  the 
freezing-point  1.87°  C.  Now,  blood-serum  gives  A  0.56**  C;  then 
its  concentration  in  terms  of  a  gram-molecular  solution  will  be 
yIy  or  0.3.  Hence  blood-serum  has  0.3  of  the  osmotic  pressure 
exerted  by  a  gram-molecular  solution  of  a  nonelectrolyte — that  is, 
22.32  X  0.3  =  6.696  atmospheres. 

A  molecule  in  solution  exerts  an  osmotic  pressure  that  is 
exactly  equal  to  the  gas  pressure  exerted  by  a  gas  molecule  moving 
in  the  same  space  and  at  the  same  temperature.  Hence  the  osmotic 
pressure  of  a  gram-molecular  solution  of  any  substance  that  is  not 
an  electrolyte  is  equal  to  the  gas  pressure  of  2  grams  of  H.  when 
compressed  to  the  volume  of  1  liter. 

A  gram-molecule  of  H.,  that  is,  2  grams  of  H.  when  brought 
to  the  volume  of  1  liter,  will  exert  a  gas  pressure  equal  to  22.32 
liters  compressed  to  1  liter,  that  is,  a  pressure  of  22.32  atmospheres. 
The  pressure  of  an  atmosphere  is  760  millimeters  of  mercury. 

Now,  solutions  of  any  substance  can  be  made  to  possess  the 
same  osmotic  pressure  as  any  solution  of  another  substance  simply 
by  changing  the  concentration,  either  increasing  it,  if  the  molecule 
of  the  substance  is  of  large  size,  or  decreasing  it  if  it  is  of  small 
size.  Solutions  which  have  the  same  osmotic  pressure  as  blood- 
serum  are  isotonic.  A  solution  which  has  a  higher  osmotic  pres- 
sure is  hypertonic,  and  that  with  a  lower  osmotic  pressure  hypotonic. 

The  osmotic  pressure  of  urine  has  the  highest  isotonic  coeffi- 
cient of  any  fluid  in  the  body,  and  its  A  is  equal  to  1.85°  C. 

The  most  important  electrolytes  present  in  blood-serum  are  the 
inorganic  salts  XaCl  and  XaoCO.,. 

The  freezing-point  of  defibrinated  blood  is  the  same  as  that  of 
serum;  in  other  words,  the  presence  of  blood-corpuscles  has  no 
effect  upon  the  freezing-point.  This  ensues  because  proteids  have 
an  exceedingly  low  osmotic  pressure,  although  a  high  molecular 
weight.  The  freezing-point  of  blood  does  not  change  during 
haemorrhage. 

The  osmotic  pressure  of  the  l>Tnph  is  somewhat  greater  than 
that  of  the  blood.  An  excess  of  carbon  dioxide  in  the  blood  ele- 
vates the  osmotic  pressure. 
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In  metabolism  the  large  proteid  molecules,  which  in  solution 
exert  an  exceedingly  low  osmotic  pressure  are  split  into  smaller 
i>nesi.  In  consequence,  the  number  of  dissolved  molecules  in  the 
tissue  iluids  and  in  the  blood  is  increased,  which  causes  an  increase 
in  the  depression  of  the  freezing-point  of  these  fluids.  The  loss  of 
water  by  the  body,  through  evaporation,  has  a  similar  effect.  It  is 
the  function  of  the  kidneys  to  rid  the  body  of  this  excessive  num- 
ber of  molecules,  and  so  keep  the  osmotic  i)ressure  of  the  blood  and 
of  the  other  fluids  constant.  If  the  activity  of  the  kidneys  is 
decreased,  the  depression  of  the  freezing-point  of  the  blood  will 
become  greater.  A  beginning  renal  insufficiency  will  therefore  be 
manifested  by  an  abnormally  great  depression  of  the  freezing-point 
of  the  Idood.  The  work  done  by  the  secretory  cells  of  the  kidneys 
in  secreting  the  urine,  the  osmotic  pressure  of  which  is  much  higher 
than  that  of  the  blood,  can  be  calculated  by  utilizing  the  laws  of 
osmotic  pressure.  If  the  kidneys  secrete  200  cubic  centimeters  of 
urine,  the  energy  required  amounts  to  37  kilo-grammeters;  that  is, 
the  energy  required  is  equal  to  that  expended  in  raising  a  weight 
of  37  kilograms  to  the  height  of  1  meter.  The  freezing-point  of  a 
solution  of  any  substance  in  water  is  lower  than  that  of  the  water 
alone.  The  kidney-cells  separate  urine  from  the  blood  against  a 
pressure  of  a  force  about  six  times  greater  than  the  maximum  force 
of  muscle.  The  molecular  weight  of  a  body  can  be  determined  by 
the  depression  of  the  freezing-point. 

Another  theory  has  been  proposed  to  explain  the  low  freezing- 
point  of  urine.  Ludwig  proved  that  the  glomerulus  filters  a  nearly 
pure  solution  of  sodium  chloride,  and  that  in  the  urinary  tubules 
the  water  is  in  part  reabsorbed.  The  theor}'  of  Koranyi  is  that  in 
the  urinary  tubules  there  is  a  molecular  exchange  in  such  a  manner 
that,  for  each  molecule  of  urinary  constituents  coming  from  the 
blmnl,  there  is  a  molecule  of  sodium  chloride  passing  from  the 
tubules  into  the  blood. 

Loeb  has  shown  that  rhythmical  contractions  can  be  produced 
at  will  in  striped  muscles  of  the  frog  by  a  single  salt  in  solution. 
This  is  not  produced  by  the  salt  itself,  but  the  ions,  because  it 
occurs  only  in  solutions  of  electrolytes;  that  is,  substances  which 
dissociate.  Among  the  ions  found  in  the  blood,  he  thinks  those  of 
sodium  are  the  producers  of  rhythmical  activity.  Pure  sodium 
chloride  he  regards  as  a  poison.  If  rhythmical  activity  begun  by  it 
is  to  persist,  these  poisonous  properties  must  be  neutralized  by  cal- 
cium   salts.       Ijoeb    thinks    calcium    and    potassium    salts    prevent 
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rhythmical  activity,  but  that  they,  in  conjunction  with  sodium 
chU)ride,  hring  about  a  ^iustained  rhythm.  He  believes  the  sodium 
ion  acts  by  migrating  into  the  muscle-substance  and  combining  with 
some  part  of  it.  Hence,  wlien  too  many  sodium  ions  have  com- 
bined and  taken  the  place  of  a  number  of  calcium  ions  in  the 
muscle,  rhythmical  ])eat8  cease.  '^I'he  poisonous  effects  of  Na  ions 
are  antagonized  by  the  addition  of  a  small  amount  of  Ca  and  K 
ions.  Muscles  contract  only  as  long  as  they  contain  all  three  classes 
of  ions  (Na,  Ca,  and  K)  in  a  certain  proportion,  which  may  vary  to 
a  certain  extent. 

Numerous  substances  have  been  classified  on  the  basis  of  the 
degree  which  they  possess  of  passing  through  a  membrane  while  in 
aqueous  solution.  Those  which  pass  through  freely  have  been 
found  to  be  capable  of  crystallization,  as  a  rule,  so  are  termed 
crystalloids;  those  which  are  more  tardy  in  their  osmosis  through 
a  separating  membrane  have  been  ascertained  to  be  noncrystalliz- 
able,  but  gluelike  in  nature,  hence  are  known  as  colloids.  The  col- 
loids are  very  feeble  in  all  chemical  relations,  the  reverse  being  true 
of  the  crystalloids.  Examples  of  colloids  are  seen  in  albumins, 
gelatin,  and  starch,  while  alcohol,  sugar,  and  ordinary  saline  sul)- 
stances  form  good  examples  of  crystalloids. 

Osmotic  Pressure  of  Proteids. — It  is  supposed  that  proteids  in 
solution  exert  little  or  no  osmotic  pressure.  The  blood  contains 
about  G  per  cent,  of  ])r(>tcids.  Starling,  however,  believes  the  pro- 
teids do  exert  a  small  osmotic  pressure  equal  to  about  30  millimeters 
of  mercur3\  By  reason  of  the  want  of  this  osmotic  j>ower  the 
albumins  and  globulins  renmin  in  the  blood. 

Gram-molecular  or  Mol.  Solution. — A  gram-molecule  of  any  sub- 
stance is  the  quantity  in  grams  of  that  substance  equal  to  its  mole- 
cular weight.  A  gram-molecular  solution  of  any  substance  is  the 
quantity  of  grams  of  that  substance  equal  to  its  molecular  weight. 
A  gram-molecular  solution  is  one  which  contains  a  gram  molecule 
of  the  substance  per  liter.  Tiius,  58.5  grams  of  sodium  chloride 
(Na  =  23.05,  C'l  =  35.45)  in  a  liter  is  a  gram-molecular  solution  of 
sodium  chloride. 

Physiological  Application. — The  tissues  are  composed  of  cells 
which  are  small  osmotic  sacs,  whilst  the  liquids  surrounding  them 
in  which  the  phenomena  of  metabolism  are  carried  on  are  always 
very  dilute  electrolytes.  The  ions  and  water  can,  as  a  rule,  travel 
in  both  directions  through  the  wall  or  protoplasmic  layer  of  the 
cell.     But  not  all  kinds  of  substances  from  the  lymph  can  travel 
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through  the  cell-wall,  for  it  has  a  power  nf  selection  of  chemical 
materials  from  which  to  huild  itself  ii)i.  Kcncc  itn  nutritional 
chaDgeri  are  not  wholly  osmotic.  Ilinvcver,  the  life  of  all  cells  is 
greatly  dependent  npon  osmosis,  for  it  iinii^t  nJi^o  transfer  its  waste 
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products  from  its  interior  to  the  lymph.     The  life  of  tJie  red-cor- 
puselcd  ia  dependent  upon  oeniotic  pressure. 

The  production  of  lymph,  the  absorption  nf  water,  phicoses. 
and  peptone  from  the  intestine,  the  exchanges  between  the  cells  of 
the  tifisues  and  the  hlood  and  the  lymph  in  the  formation  of  the 
secretion,  all  refiiiire  an  explnnntion.     In  nil  these,  oKinotic  prex- 
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sure  plays  a  part.  When  salt  or  glucose  is  injected  into  the  blood- 
vessels, the  first  effect  will  be  a  stream  of  water  from  the  cells  oi 
the  tissues  to  the  blood,  and  the  production  of  an  excess  of  water 
in  the  blood-stream.  But  soon  the  salt  or  glucose  i)asscs  out  into 
the  tissues  outside  the  blood-vessels,  and  then  they  draw  the  water 
from  the  blood-stream.  In  nutrition,  the  cells  of  the  tissues  use  up 
the  materials  which  are  supplied  by  the  extra-cellular  lymph.  By 
the  concentration  the  extra-cellular  lymph  is  lowered  and  a  stream 
of  material  is  set  up  from  the  blood  to  the  cells  outside  the  blood- 
vessel. At  the  same  time,  the  cells  of  the  tissues  are  undergoing 
metabolic  changes,  the  proteid  molecule  is  breaking  up  into  simple 
molecules  of  the  character  of  crystalloids,  such  as  urea,  phosphates, 
and  sulphates,  which  pass  into  the  extra-cellular  lymph,  increase  its 
molecular  concentration,  and  by  their  greater  osmotic  pressure  draw 
water  from  the  blood  to  the  lymph;  thus  they  increase  the  produc- 
tion of  lymph.  But  as  the  l)roken-down  materials  from  the  proteids 
accumulate  in  the  lymph,  increasing  its  molecular  concentration,  so 
that  it  is  greater  than  that  of  the  same  substances  in  the  blood,  then 
they  will  diffuse  toward  the  blood,  and  j)ass  out  in  the  excretions. 
In  absorption  from  the  intestine,  it  is  found  that  the  living  cells  of 
the  intestinal  wall  modify  absorption,  so  that  it  does  not  follow  the 
law  of  diffusion  through  a  dead  membrane. 

In  the  pathological  condition  known  as  dropsy,  there  is  pre- 
sented a  partial  example  of  filtration.  It  is  characterized  by  a 
transudation  of  the  watery  portion  of  the  blood  through  the  mem- 
branous walls  of  the  capillaries  and  small  veins  into  the  surround- 
ing connective  tissues,  producing  a»dema.  This  watery  element  has 
been  literally  squeezed  through  the  vessel-walls. 

Loeb  explains  this  (edema  by  a  greater  osmotic  pressure  in  the 
tissues  than  in  the  blood  or  lymph.  Chemical  changes  in  the  mus- 
cle take  ])lace  which  increase  the  osmotic  pressure.  These  chemical 
conditions  are  the  result  of  a  diminished  supply  of  oxygen  caused 
l)y  deficient  circulation. 

Absorption  by  the  Stomach  and  the  Intestines. 

The  stomach  does  not  absorb  water,  but  alcohol.  Water  and 
the  salts  dissolved  in  it  are  absorbed  throughout  the  small  intestine, 
from  the  pylorus  to  the  ileo-ca^cal  valve,  and  partly  by  the  large 
intestine.  So  that  the  watery  chyme  leaving  the  stomach  becomes 
gradually  thicker  as  it  travels  down  the  intestines.  The  relatively 
rapid  absorption  of  water  by  the  intestines  removes  from  the  putre- 
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factiye  bacteria  one  of  the  most  important  conditions  for  their  life, 
and  inhibits  their  activity.  Three  to  five  quarts  of  water  daily  can 
be  absorbed;  but  the  faeces  become  thin  or  paplike.  The  jejimum 
absorbs  better  than  the  ileum.  The  dilute  solutions  of  salts  are 
more  easily  absorbed  than  the  concentrated  solutions.  When  col- 
ored solutions  were  placed  in  the  intestines,  it  was  found  that  they 
passed  through  the  epithelial  cells  and  through  the  intercellular 
spaces. 

The  absorption  of  water  and  salts  from  the  intestines  does  not 
follow  the  laws  of  osmosis.  If  you  destroy  the  epithelium  witli 
sodium  fluoride,  then  absorption  takes  place  only  according  to  the 
laws  of  osmosis.  When  the  epithelium  is  injured,  there  is  a 
diffusion-stream  from  the  blood,  through  the  intestinal  wall,  into  the 
intestinal  cavity;  it  seems  to  be  through  the  intestinal  epithelium. 
Intestinal  absorption  depends  upon  imbibition,  intestinal  pressure, 
and  diffusion.  The  intestinal  pressure  is  increased  by  the  respira- 
tory movements,  by  peristalsis,  and  by  the  weight  of  the  intestines. 

The  water  and  its  salts  in  solution  go  into  the  blood-vessels  of 
the  villi  because  they  are  immediately  beneath  the  basement  mem- 
brane of  the  villus,  whilst  the  chyle-vessel  is  separated  from  the 
capillaries  by  the  stroma  of  the  villus.  The  duodenum  is  the  prin- 
cipal seat  of  absorption  of  the  iron  salts^  the  spleen  their  storage- 
house,  and  the  colon  their  place  of  excretion. 

Carbohydrates. 

The  carbohydrates  are  absorbed  in  the  intestine  up  to  500 
grams  per  day.  The  monosaccharides,  dextrose,  Isevulose,  and  gal- 
actose, are  absorbed  as  such;  whilst  the  disaccharides,  cane-sugar 
and  milk-sugar,  are  first  inverted  into  dextrose,  laevulose,  and  gal- 
actose, the  latter  formed  by  the  action  of  inverting  ferments  on 
lactose.  The  chief  quantity  of  the  carbohydrates  in  the  food  is  the 
polysaccharides,  and  of  t/hesc  starch  is  a  prominent  one.  Starch  is 
not  soluble  in  either  hol^  or  cold  water.  Its  cellulose  coat  must  be 
removed  by  cooking  and^' baking,  and  still  it  is  not  fitted  for  absorp- 
tion; it  must  be  acted  jlpon  by  the  diastasic  ferments  of  the  saliva 
and  pancreatic  juice,  beiAg  hydrolyzed  by  them,  forming  first  soluble 
starch,  then  dextrin,  is^maltose,  maltose,  and  a  little  glucose.  The 
starch  remains  but  a  short  time  in  the  mouth,  and  in  the  stomach 
the  ptyalin  acts  but  a  short  time,  because  the  free  HCl  stops  its 
activity;  hence  the  amylopsin  is  the  chief  agent  in  the  change  of 
starch  into  maltose.    Here  the  isomaltose  is  changed  into  maltose, 
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and  the  maltx^se  into  dextrose  and  Isevulose.  You  do  not  find  maltose 
in  the  bloody  notwithstanding  large  doses  of  it  by  the  mouth,  but 
glucose.  The  carbohydrates  not  absorbed  in  the  intestine,  by  the 
action  of  bacteria  undergo  acid  fermentation,  forming  acetic,  lactic, 
butyric,  carbonic  acids  and  hydrogen  gas.  Large  quantities  of 
cane-sugar  and  milknsugar  generate  acids  which  excite  peristalsis 
and  cause  a  secretion  of  intestinal  juice,  which  produces  a  diarrhoea 
of  frequent  acid  stools  with  a  sour  odor.  The  absorption  of  sugan 
docs  not  follow  the  laws  of  osmosis,  but  the  columnar  cella  of  the 
epithelium  must  exert  a  peculiar  activity,  which  temporarily  may 
be  called  vital,  until  we  can  explain  it.  If  the  blood  ia  swimming 
with  sugar,  then  the  kidneys  secrete  it,  forming  alimentary  S^jco- 
suria.  If  more  sugar  arrives  in  the  liver  than  its  cells  can  take  up 
and  change  into  glycogen,  then  the  excess  from  the  portal  Yein  goes 
into  the  hepatic  vein  and  into  the  general  circulation ;  and  aa  the 
muscles  cannot  localize  and  use  it,  it  must  pass  out  thrcmgh  the 
kidneys.  This  is  the  assimilation  limit  for  the  Varione  carbe- 
hydrates,  and  it  is  different  for  the  same  individual.  The  awwnilar 
tion  limit  is  higher  for  glucose  and  lower  for  milk-sugar.  The  blood- 
vessels in  the  villi  are  the  places  of  absorption  of  the  carbohydntes; 
that  is,  the  portal  vein. 

Proteids. 

Albumins  can  be  absorbed  without  being  changed  into  proteoses 
and  peptones.  Injections  of  soluble  proteids  into  the  vein  are 
assimilated,  and  they  do  not  appear  in  the  urine  nor  increase  the 
urinary  nitrogen.  Yet  proteids  are  not  absorbed  as  such  in  the  pro- 
cess of  digestion,  but  are  changed  into  albumoses  and  peptones. 
Proteids  were  not  absorbed  by  the  lymph,  for  when  about  100  grams 
of  proteid  wore  eaten  by  a  man,  the  lymph  escaping  by  a  fistula  was 
not  increased  in  quantity,  nor  the  amount  of  albumin  in  it  aug- 
mented. Although  proteoses  and  peptones  are  absorbed  by  the  por- 
tal vein,  they  cannot  be  found  in  the  blood.  It  might  be  supposed 
that  the  liver  changes  them,  but  peptone  injected  into  the  portal 
vein  passes  through  the  liver  as  such,  lowers  the  blood-pressure,  and 
acts  as  a  narcotic.  Nor  are  the  albumoses  found  in  the  lymph-chan- 
nels of  the  intestine.  Albumoses  injected  into  the  circulation  reduce 
the  coagulability  of  the  ])lood,  lower  the  arterial  tension,  and  act 
like  a  poison.     They  are  quickly  excreted  as  such  in  the  urine. 

Since  during  absorption  of  albumoses  and  peptones  similar  toxic 
symptoms  do  not  appear,  it  must  be  inferred  that  they  are  changed 
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in  the  epithelial  cell  are  united  with  glycerin  to  make  neutral  fats 
to  enter  the  lacteal.  Since  the  soaps  are  soluble  in  water,  they  can 
enter  the  portal  circulation  and  be  deposited  in  the  liver,  but  the 
epithelium  of  the  villus  chiefly  unites  the  fatty  acid  part  of  the  soap 
to  glycerin  to  form  neutral  fat^  whilst  the»  alkali  is  excreted  into  the 
intestinal  canal,  to  again  fonn  more  soaps. 

The  fats  pass  between  the  capillaries  beneath  the  basement 
membrane  of  the  villus  and  enter  the  lacteal,  so  that  chyle  has  the 
iinest  emulsionized  fat.  About  60  per  cent,  of  the  fat  ingjBBted  is 
absorbed  by  the  lacteals.  Bernard  found  in  the  rabbit  that  tB^  bile- 
duct  opened  into  the  small  intestine  30  centimeters  above  the  open- 
ing of  the  pancreatic  duet,  and  that  the  chyle-vessels  did  not  show 
any  fat  above  the  opening  of  the  pancreatic  duct.  Dastre  bonnd 
the  bile-duct  in  a  dog  and  planted  the  gall-bladder  so  that  it  emptied 
into  the  middle  of  the  small  intestine.  Then  the  pancreatic  juice 
emptied  above  the  entrance  of  the  bile,  but  no  chyle  was  visible 
until  below  the  entrance  of  the  bile.  So  that  bile  plays  an  impor- 
tant part  in  the  absorption  of  fat- 
Bile  and  pancreatic  juicre  united  are  the  best  agency  to  promote 
the  a])Sorption  of  fat. 

Harlcy  extirpated  the  large  intestine  and  attached  the  lower 
end  of  the  ileum  to  the  rectum  in  the  dog.  The  faeces  contained 
live  times  more  water  than  usual,  whilst  the  fats  and  carbohydrates 
were  just  as  those  in  the  normal  dog.  The  absorption  of  fats  and 
carbohydrates  was  as  usual.  The  absorption  of  albumin  was  reduced 
to  84  per  cent.,  compared  with  95  per  cent,  in  the  normal  dog.  The 
absorption  by  the  small  intestine  of  salts,  carbohydrates,  peptones, 
and  fats  was  originally  supposed  to  be  wliolly  due  to  osmosis,  but 
now  it  is  held  to  be  a  function  of  the  cylindrical  epithelium;  for  the 
destruction  of  it  by  the  fluorides  permits  osmosis  alone  to  be  active 
as  in  a  dead  membrane,  and  the  sodium  chloride  leaves  the  blood  to 
enter  the  intestine,  whilst  with  normal  epithelium  it  goes  from 
the  intestine  into  the  blood.  This  function  of  the  epithelium  we 
will,  only  temporarily,  call  vital  until  we  can  explain  it. 

The  epithelium  of  the  villus  also,  during  the  act  of  absorption, 
transforms  the  j)eptone8  into  albumin  and  globulin  of  the  blood, 
and  unites  the  fatty  acids  to  the  glycerin  to  form  the  neutral  fats 
of  the  chvle. 

Bapidity  of  Absorption. — The  rapidity  of  absorption  has  been 
d(»termined  by  experiment.  Thus  it  was  found  that  lithium  chloride 
mav  be  diffused  throudiout  all  of  the  vascular  structures  and  even 
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These  vessels  are  found  within  the  body  generally,  even  in  those 
structures  which  contain  no  blood-vessels,  as  the  cornea  of  the  eye. 
Ihe  fluid  within  them  always  moves  in  one  direction  only:  toward 
the  heart.  These  vessels,  whose  sources  may  be  very  different,  unite 
in  their  course  to  form  larger  vessels  until,  by  continual  union,  they 
terminate  in  two  large  trunks  which  empty  into  the  subclavian  veins 
at  their  junction  with  the  internal  jugulars.  The  one  emptying 
into  the  left  side  is  the  thoracic  duct,  that  into  the  right  side  is  the 
right  lymphatic  trunk. 

The  large  intestine  possesses  more  lymphatics  than  the  small, 
so  that  richness  of  lymphatics  in  a  given  organ  is  not  directly  pro- 
portionate to  its  absorbent  functions.  The  number  of  lymphatics 
has  no  constant  relation  to  the  elaboration  of  products  secreted  and 
excreted  by  the  glands,  for  they  are  numerous  in  the  mammae  and 
liver,  more  scanty  in  the  kidney,  pancreas  and  thyroid,  whilst  they 
are  abundant  in  the  center  of  the  diaphragm. 

Structure  of  the  Lymphatics. 

When  the  agriculturist  wishes  to  drain  his  wet  lowlands  he 
resorts  to  the  use  of  pipes  of  great  porosity.  These  are  buried  and 
so  arranged  that  the  moisture  of  the  soil  very  readily  finds  its  way 
into  pipes,  to  flow  along  them  and  so  be  conveyed  away.  When  the 
arrangement  of  the  pipes  is  suitable,  the  excess  of  water  is  carried 
off.  Should  the  drain-pipes  become  defective,  or  should  their  capac- 
ity be  less  than  that  demanded  of  them,  there  at  once  results  a  stag- 
nation with  inundation  of  the  land.  For  the  water  to  find  its  way 
from  between  the  particles  of  earth  and  sand  into  the  pipes  it  is 
necessary  that  the  latter  be  very  porous  and  permeable — a  most 
essential  factor. 

The  principle  underlying  the  structure  of  the  lymphatics  is  very 
similar  to  that  of  the  system  of  drain-pipes  of  the  agriculturist — 
namely:  porosity — for  the  aim  of  each  is  to  collect  the  excess  of 
their  respective  fluids  and  convey  the  same  to  certain  desired 
channels. 

The  lymphatics  drain  off  from  the  system  of  the  interstitial 
spaces  such  substances,  either  foreign,  or  useless,  or  harmful  to  the 
tissues,  and  deposit  them  in  the  lymphatic  glands  or  carry  them  into 
the  blood  to  be  rebuilt  or  excreted. 

This  principle  being  kept  in  mind,  the  student  can  readily  con- 
ceive the  nature  of  the  lymphatics. 

They  must  be  vessels  of  thin  walls — walls  which  allow  of  the. 
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et^j  osmosis  of  plasma  through  them.  In  fact,  the  lymphatic  ves- 
sel-walls are  similar  in  structure  to  those  of  the  veins,  differing 
mainly  in  the  fact  that  the  former  are  thinner.  Like  the  larger 
veins,  the  larger  lymphatics  consist  of  three  coats.  The  inner  con- 
sists of  endotheliimi  (tunica  intima),  the  middle  coat  contains  some 
muscular  fibers  (tunica  media),  while  the  external  coat  is  connective 
tissue  (tunica  adventitia). 

Lymphatic  Capillaries. — The  walls  of  the  lymphatic  capillaries 
simply  consist  of  a  layer  of  endothelial  cells  applied  directly  to  a 
connective-tissue  framework.  In  section,  the  endothelial  cells  are 
more  prominent  and  more  turgid  than  those  of  the  blood-vessels. 
Their  nuclei  project  into  the  vascular  cavity,  which  appears  as 
though  lined  by  a  row  of  little  pearls.  Their  nuclei  are  oval.  The 
lymphatic  capillaries  are  more  easily  stained  than  the  blood-capil- 
laries by  silver  nitrate.  When  so  stained  they  appear  marked  out 
by  black  lines,  which,  like  the  sutures  of  bone,  are  sinuous.  It  is 
usual  to  compare  the  borders  of  these  cells  to  an  oak-leaf.  The 
diameter  of  the  lymphatic  capillaries  is  much  larger  than  that  of  the 
blood -capillaries. 

So  thin  and  translucent  are  the  walls  of  the  capillaries,  that  the 
clear  lymph  contained  in  them  can  be  clearly  defined. 

Like  some  veins,  the  larger  lymphatics  contain  valves  of  a 
fibrous  nature  lined  with  endothelium.  In  form,  structure,  and 
attachments  they  are  identical  with  those  of  the  veins.  Usually 
two  valves  of  equal* size  are  found  opposite  one  another;  these,  by 
their  functions,  prevent  reflux  of  the  lymph  when  pressure  or  other 
disturbance  is  brought  to  bear  upon  their  course. 

Where  Nature  has  vessels  with  thin  walls  and  which  vessels  con- 
tain fluids  pro|>elled  by  very  weak  vis  a  tergo,  she  must  needs  resort 
to  numerous  valves.  So  numerous  are  these  little  safeguards  that 
when  the  lymphatics  are  injected  they  present  the  appearance  of  a 
fc^tring  of  beads. 

While  dealing  with  lymphatics,  mention  must  be  made  of  those 
modified  lymphatics  known  from  ancient  times  as  the  lacteals. 
These  vessels  take  their  origin  from  the  intestines  to  empty  their 
contents  via  the  thoracic  duct  into  the  left  subclavian  vein  for 
admixture  with  the  systemic  blood.  The  lacteals  were  so  named 
from  their  white  color  at  certain  times;  that  is,  during  active  diges- 
tion, when  the  lymph-stream  is  overwhelmed  by  the  absorbed  fatty 
granules,  which  give  to  it  its  milky  hue.  The  milky-colored  fluid  has 
been  termed  chyle. 
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During  the  intermission  between  active  digestion  the  lacteals 
carry  pure  lymph,  and,  from  their  functions  and  structure  being 
identical  with  that  of  true  lymphatics,  they  deserve  to  be  classed 
with  the  latter. 

Origin  of  the  Lympliatics. 

Lymphatic  System, 

Miss  Florence  R.  Sabin  has  shown  that  the  lymphatic  system  in 
the  embryo  pig  develops  as  two  blind  diverticula  from  the  veins  of 
the  cervical  and  inguinal  re^^ions.  These  grow  toward  the  skin  and 
widen  out  into  four  lymph-sacs,  from  which  the  final  lymphatics  pro- 
ceed. By  a  special  growth  of  the  lymphatics  along  the  dorsal  line, 
the  thoracic  duct  is  formed. 

Though  many  features  of  this  system  are  yet  obscure  and  open 
for  investigation,  it  seems  very  probable  that,  as  stated  by  Landois, 
the  lymphatics  arise  as  follows : — 

1.  Gonnective-tissae  Spaces. — These  are  very  numerous,  star- 
shaped  or  irregularly  branched  spaces  which  communicate  with  one 
another  by  fine  tubular  processes.  They  are  lined  with  endothelium 
and  contain  lymph  and  a  few  "wandering  cells.'^ 

2.  Within  the  Villi. 

3.  In  Ferivascular  Spaces. — The  small  blood-vessels  which  sup- 
ply bone,  central  nervous  tissue,  retina,  and  the  liver  are  themselves 
surrounded  by  lymphatic  tubes  which,  in  many  instances,  are  larger 
than  the  blood-vessels.  Between  these  tubes  and  the  blood-vessels 
there  exists  a  space  called  the  perivascular  space  of  His.  These  are 
believed  to  be  one  source  of  lymphatics,  for,  when  they  exist,  the 
passage  of  lymph-corpuscles  into  the  lymphatic  vessels  is  greatly 
facilitated. 

4.  In  the  Form  of  Interstitial  Slits  Within  Organs.— Within  the 
testicle  and  certain  other  organs  there  exist  long,  slitlike  spaces 
between  the  various  cells  and  network  of  tubules.  They  are  all, 
however,  lined  with  cndotlielium.  Into  these  spaces  there  is  poured 
l}'mph  from  the  blood-capillaries  for  the  maintenance  of  the  gland- 
ular cells,  and  at  the  same  time  it  furnishes  material  for  secretion. 
From  these  little  slits  lymphatics  take  their  origin,  but  receive  inde- 
pendent walls  after  their  exit  from  the  gland-substance. 

6.  By  Means  of  Free  Stomata. — These  occur,  for  the  most  part, 
upon  the  walls  of  the  larger  serous  cavities.  Lymph  is  pumped  here 
by  the  alternate  dilatation  and  contraction  of  the  serous  surface,  due 
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Lymphatic  Glands. 

Lymphatic  glands  are  shaped  much  like  a  kidney.  The  oblique 
afferent  vessels  approach  their  convex  border,  whereas  the  efferent 
vessels,  which  are  larger  and  more  numerous,  escape  from  the  hiluin 
on  their  concave  border.  Their  consistence  is  that  of  the  liver,  and 
their  color  varies  in  different  regions,  but  usually  is  a  rosy  white. 
In  size  they  vary  from  an  olive  to  those  invisible  to  the  naked  eye. 
As  age  advances,  the  glands  become  much  smaller.  Their  number 
is  600  to  700.  The  glands  are  almost  always  buried  in  a  bed  of 
adipose  connective  tissue,  usually  united  in  groups  of  three  to  six, 
or  even  ten  to  fifteen,  forming  chains  or  chaplets.  Their  situation 
is  generally  paravascular  and  paraepithelial.  A  lymphatic  gland 
consists  of  three  parts:  (1)  the  capsule,  (2)  the  cortex,  and  (3)  the 
medulla.  The  cortex  is  composed  of  a  number  of  cells,  the  majority 
of  which  are  small.  The  nucleus  is  rounded  or  quadrangular,  and 
has  a  thick  chromatin  border;  in  its  center  are  one  or  two  chromatin 
granules.  Sometimes,  but  not  always,  a  true  nucleolus  is  found. 
These  elements  are  identical  with  the  microcytes  of  blood  and  lymph 
(lymphocytes).  The  large  cells  correspond  to  macrocytes.  The 
follicles  of  the  cortex  formed  by  the  trabecula  of  connective  tissue 
have  no  proper  wall;  they  are  limited  by  the  endothelium  of  the 
lymphatic  sinus,  which  surrounds  them.  The  follicle  with  the  clear 
center  is  essentially  a  seat  of  cellular  reproduction,  and  it  has  been 
termed  a  germinitival  center,  a  seat  of  karyokinesis. 

The  Medulla. — The  medulla  presents  cords,  irregular  in  size, 
shape,  and  course.  These  cords  anastomose  with  each  other  and  are 
separated  from  each  other  by  large,  clear  spaces,  the  cavernous 
sinuses.  The  medullary  cords  are  central  prolongations  from  the 
cortex,  and  are  formed  of  the  same  cells,  which  are  here  sometimes 
agglomerated.  Between  the  cords  the  cavernous  sinuses  show  us 
the  best  place  for  studying  phagocytosis  of  the  gland  and  of  the 
reticulum.  The  reticulum  is  formed  by  an  anastomosis  of  cellular 
prolongations.  Some  of  the  cells  of  the  reticulum  have  an  elon- 
gated, clear  nucleus;  others  have  distinct  nuclei. 

Afferent  Vessels  of  the  Lymphatic  Oland. — The  afferent  lym- 
phatics pass  through  the  capsule,  lose  their  tunica  adventitia  and 
muscular  coat,  and,  like  true  capillaries,  become  reduced  to  their 
endothelium.  By  the  anastomosis  of  their  capillaries  they  form  a 
vast  peripheral  sinus,  which  generally  separates  the  capsule  from 
the  follicles.     From  the  sinus,  interfollicular  branches,  which  reach 
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the  medullary  part,  run  out  where  they  run  between  the  follicular 
cordsy  and  finally  throw  themselves  into  the  efferent  vessels  in  the 
region  of  the  hilum.  The  efferent  lymphatic  trunks  are  less  numer- 
ous, but  larger  than  the  afferents.  Thus  the  follicles  and  follicular 
cords  appear  as  islets  which  are  plunged  into  a  vast  portal  system, 
which  bathes  them  on  every  side.  By  confluence  and  capillarization 
the  lymphatics  form  a  vast  pouch  around  the  glandular  substance, 
in  which  the  current  is  slowed  and  the  pressure  lessened.  In  the 
arterial  supply  it  is  seen  that  the  follicular  cords  are  pierced  in  the 
center  by  an  arteriole,  just  as  the  Malpighian  corpuscles  of  the 
spleen.  The  arteries  reach  the  cortical  layer,  surround  the  follicles, 
to  which  they  furnish  little  branches  which  converge  toward  the  cen- 
ter like  the  spokes  of  a  wheel  towards  the  axle.  These  glands  have 
nerves  which  surround  the  follicles  and  give  off  finer  branches  reach- 
ing the  center  of  the  nodular  structure,  where  they  appear  to  term- 
inate in  free  extremities. 

Leucooytosis. — Whether  the  glandular  cells  are  fixed  leucocytes 
or  derivatives  of  the  mesodermic  elements,  they  produce  the  white 
blood-corpuscles.  The  leucocytes  are  more  numerous  in  the  efferent 
than  in  the  afferent  vessel.  There  is  a  close  relation  between  blood- 
loucocytosis,  glandular  hypertrophies,  and  the  number  of  mitoses. 
Removal  of  certain  important  glandular  groups  diminishes  the  num- 
ber of  leucocytes.  The  gland-cells  are  generators  of  the  lympho- 
cytes, and  the  gland  is  a  cytogenous  gland  like  the  testicle.  The 
gland  specially  produces  microcytes  (lymphocytes). 

Compoiition  of  the  Lymph. 

Lymph  is  a  diluted  blood-plasma,  and  is  found  in  the  lymphatic 
vessels,  as  well  as  in  the  extravascular  spaces  of  the  body.  All  the 
cells  of  the  tissues  are  bathed  in  lymph.  Whilst  the  generation  of 
hnnph  may  be  held  to  be  from  the  blood-plasma,  yet  the  intravas- 
cular tension  may  be  increased  by  a  flow  of  water  from  the  plasma 
into  the  lymph-spaces,  or  by  a  flow  from  the  cells  of  the  tissues  into 
the  lymph-spaces  that  surround  them. 

Lymph  is  an  albuminous,  colorless  fluid,  which  contains  lymph- 
corpuscles;  these  are  identical  with  the  colorless  blood-corpuscles. 
Lymph  is  alkaline,  has  a  specific  gravity  of  about  1.015,  and  when 
drawn  from  its  vessels  it  clots,  forming  a  colorless  coagulum  of  fibrin. 
The  watery  part  of  the  lymph  is  known  as  the  lymph-plasma,  which 
contains  the  three  elements  necessary  for  coagulation:  fibrinogen, 
fibrin-ferment,  and  calcium  salts.    It  is  very  similar  to  blood-plasma. 
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The  proteids  present  are  fibrinogen,  serum-glohuliny  and  serum- 
albumin.  The  three  proteids  iu  the  blood  are  diminished  in  the 
lymph,  especially  the  fibrinogen. 

The  extractives  in  lymph  are  urea,  fat,  lecithin,  cholesterin,  and 
sugar,  with  the  inorganic  salts.  The  quantity  of  salts  in  the  lymph 
and  the  blood  is  the  same.     The  lymphocytes  contain  glycogen. 

The  apparently  transparent  lymph  is  found  to  contain  cor- 
puscles when  examined  under  the  microscope;  to  them  the  name 
hjmphocytes  has  been  applied.  They  have  a  large  nucleus  with  com- 
paratively little  protoplasm.  In  some  places — the  thoracic  duct,  for 
example — a  few  colored  blood-corpuscles  are  found  and  are  believed 
to  have  found  their  way  into  this  distinct  system  by  reason  of 
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Fig.  44. — Diagram  to  Show  Relation  of  the  Secreting  Cell  of  a  Gland 
to  the  Blood  and  L^^nph-supply.     (Stablino.) 

diapedesis.  The  regular  lymphocytes  find  their  way  into  the  blood- 
stream, where  they  nuiltij)ly  and  are  known  as  leucocytes. 

The  real  manufactories  of  those  lympliocytes  are  the  lymphatic 
glands,  whose  alveoli  contain  adenoid  tissue.  The  number  of  lym- 
phocytes is  much  greater  in  the  lympli  after  it  has  passed  through 
a  gland,  and  we  find  that  lymph  collected  from  regions  where  there 
are  few  glands,  as  the  lower  extremities,  is  always  poorer  in  albumin 
and  richer  in  water  than  the  lymph  in  the  large  lymphatic  vessels. 

For  purposes  of  analysis,  lymph  can  be  obtained  from  the  limbs, 
thoracic  duct,  and  serous  cavities.  Accidental  lymphatic  fistulsB  in 
man,  as  well  as  experimental  ones  in  animals,  have  been  the  source 
of  much  lymph  for  analytical  purposes. 

The  pericardial  fluid  and  aqueous  humor  are  forms  of  lymph 
which  are  not  coagulable  except  upon  the  addition  of  fibrin-ferment. 


ABSORPTION.  169 

Cerebro-epinal  fluid  has  the  identical  appearance  of  lymph,  but 
differs  from  it  in  chemical  properties  and  composition. 

Synovial  fluid  of  joints  differs  from  true  lymph  in  that  it  con- 
tains mucin  or-mucinlike  bodies  and  a  high  percentage  of  solids. 

Chyle  is  the  term  used  to  designate  the  fluid  of  the  lacteal  sys- 
tem during  active  digestion,  particularly  of  fats.    It  is  an  opaque, 
whitish,  milky  fluid,  neutral  or  slightly  alkaline  in  reaction.     The 
color  of  the  chyle  is  due  to  the  presence  in  it  of  numerous  fatiy 
granules,  each  surrounded  by  an  albuminous  envelope,  very  minute, 
though  uniform  in  size.     Their  fatty  nature  becomes  evident  when 
they  are  treated  with  ether,  for  they  are  immediately  dissolved. 
Varying  quantities  of  the  fat  give  different  shades  of  whiteness  to 
the  chyle.     Thus,  in  addition  to  the  constituents  of  the  lymph,  the 
chyle  contains  a  large  amount  of  fat,  which  is  its  characteristic  fea- 
ture.    During  fasting  the  chyle  in  the  lacteals  resembles  ordinary 
lymph. 

As  the  chyle  passes  on  toward  the  thoracic  duct,  especially  when 
traversing  some  of  the  mesenteric  glands,  it  is  elaborated.  As  a 
result  there  are  fewer  fat-particles,  but  there  now  begin  to  appear 
corpuscles  to  which  the  name  chyle-corpuscles  is  applied.  Further, 
it  now  gains  the  ability  to  coagulate  spontaneously.  As  the  chyle 
advances  in  the  thoracic  duct  the  corpuscles  become  more  numer- 
ous, and  the  larger  and  firmer  becomes  the  clot  when  the  chyle  is 
withdrawn  from  its  vessels.  The  c!ot  is  like  that  of  blood  when  only 
white  corpuscles  are  present.  Its  ability  to  coagulate  is  due  to  the 
disintegration  of  the  lymph-corpuscles  which  supply  it  with  the 
necessary  flbrin-factors. 

Flow  of  Lymph  and  Chyle. 

The  lymph  and  chyle  always  run  in  a  centripetal  direction  from 
the  periphery  to  the  center  under  the  influence  of  various  forces. 
The  villi  contract  and  push  their  contents  in  a  centripetal  course, 
aided  bv  the  contractions  of  the  intestinal  muscles.  The  dilatation 
of  the  blood-vessels  at  each  contraction  of  the  heart  pushes  the 
hmph  out  of  the  perivascular  spaces. 

Once  the  lymph  and  chyle  are  in  the  vessels  they  continue  to 
move  by  the  muscular  contraction  of  the  walls  of  these  vessels,  and 
this  movement  can  only  take  place  in  a  centripetal  direction  by  rea- 
son of  the  arrangement  of  the  valves.  The  lymphatic  ganglia,  by 
their  structure,  offer  a  resistance  to  the  circulation  of  the  lymph, 
but  their  fibrous  covering  and  unstriped  muscles  favor  the  flow. 
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• 
Ludwig  also  made  a  second  factor  in  his  theory,  and  that  was 

osmotic  changes  between  the  lymph  and  the  blood. 

2.  Heidenhain*8  Theory. — He  believes  filtration  of  the  plasma, 
due  to  higher  j)re8sure  in  the  capillaries,  will  not  suftice  to  explain 
the  formation  of  lymph.  When  glucose  is  injected  into  the  blood, 
there  is  more  glucose  after  a  time  in  the  lymph  than  in  the  blood. 
He  calls  the  agents  which  cause  an  increased  secretion  of  lymph, 
lymphagogues.  He  makes  two  classes  of  these.  The  first  class  con- 
sists of  peptone,  extract  of  leeches,  and  watery  extract  of  crayfish. 
The  second  class  comprises  sugar,  sodium  chloride,  urea,  and  salts. 

The  first  class  of  lymphagogues  does  not  increase  blood-pressure 
or  affect  the  circulation,  hence  blood-pressure  could  not  be  stated 
as  the  cause  of  the  increased  flow  of  lymph.  He  ascribes  the  action 
to  a  stimulation  of  the  endothelial  cells  of  the  capillaries.  After 
action  by  the  first  class  of  lymphagogues,  the  blood-plasma  con- 
tains less  organic  principles  than  the  lymph.  The  explanation  of 
the  action  of  the  second  class  of  lymphagogues  is  as  follows:  The 
lymph-secretion  by  these  agents  is  poorer  in  proteids  than  normal 
lymph.  Whilst  the  lymphagogues  of  the  first  class  do  not  affect  the 
urinary  secretion,  those  of  the  second  class  increase  the  secretion  of 
both  lymph  and  urine  at  the  same  time.  If  injections  of  the  second 
class  of  lymphagogues  are  made  slowly  they  do  not  affect  blood-pres- 
sure. Heidenhain  explains  their  action  in  this  way:  the  crystalloid 
substances  within  the  circulation  are  gradually  secreted  into  the 
lymph-spaces  and  urinary  tubules  by  the  aid  of  the  endothelial  cells 
of  the  capillaries.  Then  the  crystalloids  in  the  lymph-spaces,  by 
their  high  osmotic  power,  attract  water  from  the  tissues. 

3.  Starling's  Theory. — In  the  limbs  the  flow  of  the  lymph  is 
very  scanty,  whilst  in  the  liver  and  the  intestinal  area  it  is  much 
more  abundant.  Starling  holds  that  the  capillaries  of  the  liver  are 
most  permeable,  the  capillaries  of  the  intestinal  wall  are  less  per- 
meable, and  the  capillaries  of  the  extremities  the  least.  Thus, 
lymph  from  the  extremities  contains  only  2  to  3  per  cent,  of  pro- 
teid,  from  the  intestines  4  to  fl  per  cent,  of  proteid,  from  the  liver 
f)  to  8  per  cent,  of  proteid,  which  is  nearly  as  much  as  that  of  blood- 
plasma.  Starling  explains  the  action  of  the  lymphagogues  of  the 
first  class  of  Heidenhain  (peptone,  extract  of  leeches,  and  watery 
extract  of  crayfish)  by  a  change  in  the  permeability  of  the  capillary 
wall,  as  these  agents  are  poisonous  and  alter  the  permeability  of  the 
endothelial  walls  of  the  capillaries,  especially  those  of  the  liver.  To 
account  for  the  variation  in  the  amount  of  proteids  in  the  lymph, 
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Starling  puts  forth  the  permeability  of  the  capillary  wall.  The 
larger  the  pores  in  a  membrane,  the  more  permeable  tlie  membrane 
will  be  for  the  colloids,  and  the  richer  the  filtrate  will  be  in  organic 
material.  This  explains  the  action  of  the  first  class  of  lymphagogues 
in  producing  a  lymph  containing  more  organic  principles  than  the 
blood.  As  to  the  second  class  of  lym[)liagogiies  of  llcidenhain,  it 
has  been  shown  that  the  intravenous  injection  of  sugar  or  sodium 
chloride  into  the  circulation  causes  a  large  amount  of  water  to  leave 
the  tissues  and  enter  the  circulation.  The  high  osmotic  pressure  of 
the  sugar  or  other  crystalloids  in  the  capillaries  causes  an  attraction 
cif  water  from  the  tissue-spaces  and  from  the  tissues  themselves, 
and,  of  course,  an  hydremic  plethora  and  an  increased  blood-pres- 
sure, then  the  filtration  of  much  lymph,  and  necessarily  one  poor  in 
proteids.  The  amount  of  lymph  produced  is  dependent  solely  on 
two  factors:  (1)  the  intracapillary  blood-pressure  (Ludwig's  theory), 
and  (2)  the  permeability  of  the  endothelial  wall  of  the  capillaries 
of  the  circulation  (Starling's  theory). 

Absorption  by  the  Blood-vessels. 

Fluids  can  be  absorbed  from  the  lymph-spaces  and  from  the 
serous  cavities  into  the  blood.  This  is  due  to  the  osmotic  pressure 
exerted  by  the  proteids  in  the  blood  for  the  water  in  the  lymph- 
spaces.  In  this  way,  after  a  severe  haemorrhage,  the  blood-vessels 
are  rapidly  filled  by  the  water  absorbed  from  the  lymph-spaces.  If 
there  is  an  excess  of  fluid  in  the  blood-vessels,  part  of  it  is  excretod 
by  the  kidneys,  and  part  of  it  passes  into  the  lymph-spaces. 

Quantity  of  Lymph  and  Chyle. 

The  free  interstitial  lymph  comes  in  contact  with  three  different 
elements:  the  tissues  of  the  organ,  the  blood  of  the  capillaries,  and 
the  lymphatics.  Once  the  lymph  is  within  the  lymphatics,  none  oi' 
the  fluid  returns  to  the  spaces  of  the  tissues. 

The  quantity  of  lymph  is  a  varying  factor,  due  to  changes  in 
presstire  in  the  capillaries,  which,  of  course,  will  alter  the  rate  of 
filtration  of  the  blood-plasma.  In  digestion,  the  blood-plasma  is 
charged  with  the  proteids  of  digestive  activity,  and  consecjuently  the 
difference  of  composition  between  the  blood  and  the  lymph  will  set 
up  osmotic  pressures,  tending  to  make  each  similar  in  composition. 
Further  changes  in  the  elements  of  the  tissues,  whether  normal  or 
due  to  disease,  alter  the  composition  of  the  lymph,  and  they  also 
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set  up  osmotic  pressure^  tending  to  make  the  blood  and  lymph 
similar  in  composition. 

The  formation  of  lymph  in  the  tissues  takes  place  continually 
and  without  interruption.  The  amount  of  lymph  increases  with  the 
activity  of  the  organ  from  which  it  proceeds,  while  active  or  even 
passive  movements  of  the  muscles  greatly  increase  its  amount. 

It  may  be  roughly  stated  that  the  amount  of  lymph  and  chyle 
combined  passing  through  the  large  vessels  in  twenty-four  hours  is 
about  2  pounds. 

Skin  and  Lungs. 

It  remains  to  consider  the  nature  of  the  absorption  that  takes 
place  through  the  skin  and  lungs.  These  avenues  are  but  subsidiar}' 
ones  to  the  two  greater  ones  just  mentioned :  intestinal  absorption 
and  that  along  the  lymphatic  system.  Absorption  through  them 
takes  place  from  without;  so  that  it  is  usually  classed  with  the  first 
of  the  two  processes  of  absorption  mentioned  at  the  beginning  of 
this  chapter. 

For  a  long  time  it  was  a  subject  for  much  discussion  whether 
water  was  absorbed  by  the  skin  with  the  epidermis  still  intact.  It 
was  a  rather  difficult  matter  to  ascertain,  since  the  skin  is  constantly 
giving  off  water  in  the  form  of  perspiration,  sensible  or  insensible. 
The  absorption  of  water  through  the  skin  covering  the  body  takes 
place  very  rapidly  in  the  lower  animals.  It  has  been  finally  ascer- 
tained that  absorption  of  water  does  take  place  through  the  skin  of 
man,  but  to  a  much  less  degree  than  in  animals.  Aqueous  solutions 
of  various  drugs  when  in  simple  contact  with  the  skin  are  only 
slightly  active.  It  is  believed  that  the  great  hindrance  to  their 
absorption  is  the  presence  of  the  fat  that  is  normally  present  upon 
the  skin  and  in  its  pores  and  interstices.  If  this  be  removed  by  the 
application  of  alcohol,  ether,  or  chloroform,  physiological  effects  of 
the  drugs  are  soon  manifested. 

Inunction. — When  ointments  are  rubbed  into  the  skin  absorp- 
tion will  take  place.  Mercury,  when  applied  in  this  manner,  exerts 
its  specific  effect  upon  syphilis  and  excites  salivation;  tartar  emetic 
so  applied  may  produce  vomiting  or  an  eruption  extending  over  the 
entire  body.  Voit  found  globules  of  mercury  between  the  layers  of 
the  epidermis  and  even  in  the  corium  of  a  person  who  had  been 
executed  and  into  whose  skin  mercurial  ointment  had  previously 
been  rubbed.     An  abraded  or  inflamed  surface  absorbs  very  rapidly. 

Tinder  normal  conditions  minute  traces  of  0  are  absorbed  from 
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the  air;  CO,  COj,  vapor  of  ehlorororin,  and  ethor  may  also  be 
absorbed. 

In  dysphagia,  when  the  condition  is  so  severe  that  even  fluids 
cannot  be  taken  into  the  stomach,  immersion  of  the  patient  into  a 
bath  of  warm  water  or  water  and  milk  may  quench  the  thirst.  It 
is  well  known  that  sailors,  when  destitute  of  fresh  water,  assuage 
their  thirst  by  wetting  their  clothing  with  salt'  water  and  wearing 
them  until  dry.  It  is  very  probable  that  the  effects  produced  are, 
in  a  great  measure,  attributed  to  hindrance  to  the  evaporation  of 
water  from  the  skin. 

Through  the  Lunga. — It  is  interesting  to  note  that  not  only  do 
gases  pass  through  the  epithelium  of  the  pulmonary  air- vesicles,  but 
that  fluids,  such  as  water,  may  be  absorbed  when  they  have  found 
their  way  into  the  air-passages.  The  presence  of  particles  of  car- 
bon in  the  bronchial  glands  and  other  tissues  of  the  respiratory 
apparatus  is  accounted  for  only  by  reason  of  the  open  pores:  one 
of  the  origins  of  the  lymphatic  system. 


CHAPTER  V. 

THE  BLOOD 

Blood  is  a  rcd^  somewhat  viscid  fluid,  denser  than  water,  and 
apparently  composed  of  but  one  substance.  This  liquid,  which  is 
usually  spoken  of  as  the  nutritive  fluid  of  the  body,  serves  as  an 
internal  medium  of  exchange  existing  between  the  foodstuffs  found 
in  the  outer  world  and  the  cells  composing  the  various  tissues  of  the 
body.  It  was  constantly  kept  before  the  student's  attention  that  the 
main  and  ultimate  end  of  digestion  was  the  absorption  of  the  food- 
stuffs into  the  blood-stream,  not  as  proteoses  and  peptones,  but  as 
native  albumins  and  globulins — these  latter  are  the  results  of  the 
living,  vital  activity  of  the  epithelial  cells  of  the  villi  through  which 
pass  the  proteoses  and  peptones.  Thus,  into  the  blood  are  poured 
new  products  (the  work  of  digestion),  which  are  carried  by  its  circu- 
lation to  all  parts  of  the  body,  to  be  given  up  to  the  various  tissues 
having  need  of  them.  By  this  means  every  cell  receives  the  nutri- 
ment necessary  for  carrying  on  its  own  metabolic  processes,  either 
directly  or  indirectly,  for  the  student  will  remember  that  each  cell 
possesses  an  inherent  selective  capability.  From  the  pabulum  con- 
tained in  the  enveloping  lymph  it  is  able  to  take  up  those  factors 
which  it  can  work  up  into  its  own  constitution  to  form  an  integral 
part  of  itself.  These  constituents,  having  served  their  respective 
purposes,  are  no  longer  of  any  value  to  the  cell — they  are  waste-pro- 
ducts, and  as  such  must  be  gotten  rid  of.  Passing  out  from  the  cell- 
substance,  they  find  themselves  in  the  same  enveloping  lymph,  to 
be  eventually  carried  again  into  the  blood-stream  for  elimination 
through  the  excretory  activities  of  the  lungs,  kidneys,  and  skin. 
Thus,  indirectly  the  blood  is  a  medium  of  elimination  of  such  dele- 
terious products  as  urea,  uric  acid,  water,  carbon  dioxide,  etc. 

However,  the  afferent  function  of  the  blood  is  not  simply  single, 
for  it  conveys  to  the  tissues  in  addition  that  material,  all-impor- 
tant for  successful  combustion, — namely,  oxygen, — ^which  has  been 
obtained  from  the  respired  air  of  the  lungs.  Among  warm-blooded 
animals  another  office  served  by  the  blood  is  to  equalize  to  a  certain 
degree  the  temperature  of  the  body. 

Color. — There  are  certain  characteristics  which  distinctly  mark 
blood  from  other  fluids.  The  color  of  the  blood  of  the  vertebrata  is 
generally  red.  Its  shade  is^  however,  not  fixed.  As  the  blood-stream 
(166) 
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passes  through  a  variety  of  tissues  and  is  subjected  to  many  differ- 
ent conditions,  its  color  varies  from  a  scarlet  red  in  the  arteries  to 
a  bluish  red  in  the  veins.  It  is  the  presence  of  the  oxygen  in  com- 
bination with  hsemoglobin  that  gives  to  the  arterial  blood  its  bright 
color.  Lessened  oxygen  means  excess  of  carbon  dioxide^  and  it  is 
the  presence  of  the  latter  that  gives  to  venous  blood  its  characteristic 
bluish-red  color. 

When  normal  blood  is  drawn  from  a  blood-vessel  and  placed 
as  a  very  thin  film  upon  a  glass  slide,  it  is  found  to  be  opaque,  and 
printed  matter  cannot  be  read  through  it.  This  opacity  is  produced 
by  differences  of  refraction  possessed  by  its  several  components. 

The  healthy  red  color  of  the  nails,  conjunctiva,  lips,  ears,  and 
mucous  membranes  in  general  is  due  to  the  presence  of  the  blood. 
When  there  is  insufficient  supply  to  these  parts, — temporarily  in 
fainting  or  for  a  longer  period,  as  in  anaemia, — they  become  pale 
and  waxy  in  color.  In  asphyxia  and  certain  heart  affections  there 
is  a  want  of  proper  oxidation,  with  a  resultant  bluish  color  to  the 
above-named  parts. 

The  color  of  the  blood  is  changed  by  the  action  of  poisons. 
The  most  marked  alteration  is  the  cherry-red  color  produced  by  the 
toxic  action  of  carbon  monoxide.  This  red  color  is  deeper  than  that 
ef  arterial  blood. 

Seaction. — The  reaction  of  blood  is  alkaline.  This  alkalinity 
is  variable  in  amount.  Thus,  it  is  diminished  after  great  muscular 
exertion,  owing  to  the  formation  and  presence  in  it  of  a  large 
quantity  of  sarcolactic  acid.  After  long-continued  ingestion  of 
soda  the  alkalinity  is  increased;  after  the  use  of  acids  it  is  dimin- 
ished. In  no  case,  however,  does  it  become  distinctly  acid.  To  test 
the  alkalinity  of  the  blood,  dry,  faintly  reddened  glazed  litmus-paper 
is  used.  Upon  it  is  placed  a  drop  of  blood,  which  is  allowed  to 
remain  for  half  a  minute,  to  be  then  wiped  off  with  a  weak  salt 
solution.     The  result  is  a  blue  spot  upon  a  red  background. 

The  alkalinity  shown  by  titration  with  tartaric  acid  is  the 
amount  of  alkali  Xa,  in  combination  with  weak  acids,  as  carbonic  or 
phosphoric,  and  is  known  as  "titration  alkalinity.^*  It  has  been 
extensively  studied  in  disease.  The  average  alkalinity  of  human 
blood  by  titration  with  a  standard  acid  after  the  corpuscles  have 
been  broken  up  is  that  of  a  0.2-  to  0.3-per-cent.  solution  of  sodium 
hydrate.  However,  the  true  alkalinity  of  the  blood  is  the  number 
of  hydroxy!  ions  (OH  )  free  in  the  solution.  Physical  chemistry 
by  the  electrometric  method  has  shown  that  blood  is  a  liquid  very 
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nearly  neutral;  the  concentration  of  the  hydroxyl  ions  is  nearly  the 
same  as  in  distilled  water. 

Freudeberg  states  that  an  ounce  of  dilute  lactic  acid  in  one  day 
reduced  the  alkalinity  of  the  blood  one-fourth,  whilst  two  drachms 
of  tartaric  acid  diminished  it  one-sixth. 

Blood  maintains  its  consistency  in  composition  by  the  excretion 
of  the  kidneys  and  exudation  into  the  lymph  spaces  of  tissues. 

Life  is  incompatible  with  an  acid  blood,  for  an  injection  of  an 
acid  by  the  vein  quickly  causes  coma  and  death,  as  in  the  acidosis* 
of  diabetes.    Venous  blood  is  less  alkaline  than  arterial  blood.    Its 
alkalinity  is  chiefly  due  to  the  presence  of  disodic  phosphate  and 
bicarbonate  of  soda. 

Taste. — Blood  possesses  a  distinctly  salty  taste. 

Specific  Gravity. — The  specific  gravity  of  normal,  healthy  blood 
vajies  within  certain  limits:  for  men,  about  1.057  to  1.0G6;  for 
women,  1.054  to  1.061.  Its  density  is  influenced  by  various  factors 
and  conditions.  If  fluids  be  used  sparingly  and  a  dry  diet  eaten, 
the  density  is  increased.  It  is  also  increased  by  exercise  and  pro- 
fuse sweating.  It  falls  when  fluid  is  injected  into  the  vessels,  but 
for  a  short  time  only. 

Temperature. — The  temperature  of  the  blood  varies  between 
97.7°  and  100°  F.  The  cutaneous  blood-supply  is  slightly  lower  in 
temperature,  while  the  warmest  blood  is  that  in  the  hepatic  vein; 
the  coldest  in  the  tip  of  the  nose. 

Odor. — Fresh  blood  imparts  a  decided  odor,  peculiar  to  the 
animal  from  which  it  is  drawn.  The  odor  of  blood  is  due  to  volatile 
fatty  acids  held  in  solution.  The  effect  becomes  more  striking  upon 
the  addition  of  concentrated  sulphuric  acid  to  the  blood. 

Viscosity. — The  viscosity  of  the  blood  considerably  exceeds  that 
of  the  plasma,  or  that  of  the  serum,  and  is  dependent  upon  the  num- 
ber of  suspended  blood  corpuscles. 

Burton-Opitz  made  blood  laky  by  repeated  freezings,  and  found 
the  viscosity  diminished.  The  viscosity  is  increased  by  the  increase 
of  carbonic  acid  in  the  blood ;  lieneo  venous  blood  has  more  viscosity, 
according  to  Burton-Opitz,  than  arterial.  Burton-Opitz  has  shown 
that  hunger  reduces  viscosity  and  meat  diet  raises  it  to  a  great 
height,  whilst  carbohydrates  and  fat  diet  give  average  values  to  it. 
Hiirthle  has  found  in  animals  and  Hirsh  and  Beck  in  man  that  it 
is  inversely  related  to  the  coagulation  time;  hence  the  less  the 
viscosity  the  greater  the  time  in  coagulation. 

High  altitudes  increase  the  viscosity  of  the  blood.    The  speciQc 
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^vity  (if  the  blood  may  be  regarded  as  a  safe  index  of  viscosity. 
The  greater  the  specific  gravity  the  greater  the  viscosity.  Hurthle 
his  estimated  that  the  work  done  by  the  heart  in  the  dog  is  more 
than  [our  times  as  great  as  it  would  be  if  the  circulation  contained 
distilled  water  instead  of  blood.  This  difference  is  due  to  the 
visiDfily,  which  is  4.7  times  that  of  water. 

In  cholera,  the  viscosity  of  the  tarry  blood  is  so  much  it  will  not 
nn  through  the  capillaries.  Polycythiemia  also  increases  the  vis- 
wily.  Here  the  capillary  circulation  is  slowed  and  the  extremities 
are  colJ  or  dusky.  Alcohol,  by  the  digestive  tract  or  by  vein,  makes 
ihe  viecosity  greater. 


Fig.  46«-—Vbcosi meter  uF  OHtwHld. 

Th«  tBbe  ■■  fiUcd  wtih  I 
Ibr  tube  .1  UMII  the  blood  r 
prcHure.  Ii  permitted  to  fill  to  the  mark  D.  In  a  like  mannrr  n  ■Imllar  quan- 
tity ol  water  !■  uaed.  Tbe  iltne  occupied  In  the  fall  from  C  to  O  at  Iheae  fluids 
li  compared.    (AHHBlt.) 

Quantity  of  Blood. — From  very  early  times  the  theme  of  the 
i/uantity  of  blood  circulating  within  the  body  has  been  uppermost 
in  the  minds  of  physiologists  and  investigators.  By  reason  of  the 
methods  then  employed  the  results  were  inaccurate  and  difficult 
'>f  attainment.  Simple  bleeding  was  resorted  to,  but  deductions 
depended  upon  the  rapidity  with  which  the  blood  was  lost.  If  the 
animal  was  bled  very  rapidly,  then  considerable  blood  remained  in 
the  vessels.  If  the  blood  was  extracted  very  slowly,  not  only  blood, 
but  serum  from  the  lymphatic  vessels,  spaces,  and  glands  was 
obtained.     These  factors  very  materially  altered  the  calculations. 

The  accepted,  though  not  very  simple,  method,  for  determina- 
tion of  the  cpinnlity  is  that  of  Welcker's.  It  is  as  follows:  The 
specific  gravity  of  the  blood  as  well  as  weight  of  the  animal  are  lirsi 
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noted.  A  cannula  is  placed  in  the  animars  carotid  through  which 
is  extracted  a  quantity  of  blood  to  serve  as  a  sample.  This  is 
defibrinated,  whereupon  portions  of  it  are  diluted  at  different  known 
strengths.  The  remainder  of  the  blood  in  the  body  is  then  allowed 
to  escape,  and  is  collected  and  defibrinated."  A  normal  salt  solution 
is  next  run  through  the  vessels  and  likewise  collected.  The  entire 
body,  minus  the  stomach  and  intestines,  is  then  cut  into  very  fine 
pieces  and  extracted  with  water  for  one  or  two  days,  at  the  end  of 
which  time  the  bloody  water  i;^  expressed  and  added  to  the  drawn 
blood  and  washings.     The  entire  amount  is  carefully  measured. 

The  experimenter  compares  this  diluted  blood  with  the  pre- 
viously prepared  samples  of  the  diluted  blood  of  known  strength 
until  he  finds  tints  of  two  that  are  exactly  alike.  From  the  total 
quantity  of  diluted  blood  and  the  knowledge  of  what  the  sample 
contains  it  is  comparatively  easy  to  calculate  the  amount  of  blood 
contained  in  the  body.  To  this  must  be  added  the  blood  drawn  at 
first  to  make  the  various  samples.  The  weight  of  the  animal  com- 
pared with  the  above  results  gives  the  proportionate  amount. 

By  this  and  similar  computations  it  has  been  ascertained  that 
the  blood  is  equal  to  from  one-eleventh  to  one-fourteenth  of  the 
bodyweight.  Approximately,  it  may  be  said  to  be  one-thirteenth  of 
the  bodyweight. 

"Boughly,  it  may  be  said  that  the  lungs,  heart,  large  arteries, 
and  veins  contain  one-fourth;  the  muscles  of  the  skeleton  one-fourth; 
the  liver  one-fourth;  and  other  organs  one-fourth."    (Ranke.) 

The  quantity  of  blood  is  a  variable  quantity.  It  is  more  abun- 
dant during  absorption  of  the  digestive  products  than  in  fasting.  It 
has  been  experimentally  proven  that  during  digestion  the  lethal  dose 
of  strychnia  must  be  double  that  in  an  animal  fasting.  Diarrhoea 
and  sweats  diminish  the  quantity  of  blood.  The  viscera  contain  the 
most  blood;  the  muscles  contain  much  less.  The  quantity  of  blood 
in  an  or^an  varies  with  its  activity  or  repose.  The  salivary  glands 
when  active  receive  four  times  more  blood  than  when  in  repose. 

Arterial  and  Venous  Blood  Compared. — At  this  point  the  stu- 
dent's attention  is  called  to  a  few  main  points  wherein  the  arte- 
rial and  venous  bloods  differ.  Very  conspicuously  stands  out  the 
marked  difference  in  color:  the  scarlet  of  arterial,  the  bluish  red  of 
venous  blood.  These  color-differences  depend  primarily  upon  the 
amount  of  oxygen-gas  contained  in  the  blood.  It  unites  with  the 
iron  of  the  blood-corpuscles  (little  bodies)  to  form  a  very  unstable 
compound,  known  as  oxyhgpinoglobin.    When  carbon-dioxide  gas  is 
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present  it  also  forms  an  unstable  compound.  Its  color  is  dark. 
When  oxyhaemoglobin  is  in  excess^  as  it  is  in  arterial  blood,  the  color 
is  a  bright  red.  When  carbon  dioxide  is  in  the  ascendancy,  the 
blood  is  bluish  red  in  color  and  the  oxygen-gas  is  present  in  dimin- 
ished amounts. 

Arterial  blood  contains  more  of  the  assimilable  products  of  the 
digestive  processes,  so  that  it  is  better  fitted  to  supply  the  cells  with 
their  proper  nourishment.  It  also  contains  greater  quantities  of 
>alts,  fats,  and  sugars. 

Venous  blood  contains  less  nutriment,  but  more  waste-products, 
particularly  urea  and  carbonic  acid  resulting  from  catabolic 
processes. 

Compotition  of  the  Blood. — Apparently  the  blood-stream,  as 
viewed  by  the  naked  eye,  is  composed  of  one  homogeneous,  red  sub- 
stance; but  when  examined  histologically  with  the  microscope  this 
impression  becomes  entirely  dispelled.  It  is  then  found  to  be  com- 
posed in  reality  of  a  transparent  liquid  portion,  known  as  the  plasma, 
or  liquor  sanguinisy  in  which,  as  a  medium,  float  an  inmiense  num- 
ber of  hlood'Corpuscks.  The  great  majority  of  these  latter  are  col- 
ored, and  it  is  to  them  that  the  blood  owes  its  color.  There  are  at 
least  three  different  kinds  of  blood-corpuscles,  commonly  known  as 
the  red  corpuscles;  the  white  corpuscles,  or  leucocytes;  and  the  hlood- 
plaiea. 

The  red  corpuscles  of  mammalia — the  camel  and  others  of  the 
group  of  CamelidcB  alone  being  excepted — are  circular  plates,  bicon- 
cave, and  without  nuclei.  Those  of  the  birds  and  reptiles  are  elliptical, 
biconvex  and  nucleated. 

Human  red  blood-corpuscles  are  biconcave,  disc-shaped  bodies 
with  rounded  edges  and  slight  central  depressions.  They  have  been 
tersely  described  by  one  author  as  "circular,  biconcave,  nonnucleated 
di.*cs.'' 

Weidenreich  holds  that  the  red  corpuscles  arc  bell-shaped  and 
not  biconcave,  the  latter  condition  being  due  to  evaporation  and  con- 
centration of  blood  outside  the  bod  v. 

The  corpuscles  are  formed  of  a  semisolid,  homogeneous,  iron- 
holding  mass  which  appears  to  have  no  membrane  or  nucleus,  for 
a  nucleus  is  normally  met  with  in  them  only  during  embryonic  life 
of  mammals  and  in  the  blood  of  the  lower  vertebrates,  as  the 
amphibia.  In  size,  they  are  about  %2oo  inch  in  diameter  and 
M2000  i^ch  in  thickness.  Various  causes  and  conditions  may,  how- 
ever, slightly  increase  or  decrease  their  size. 
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Both  the  hffimoglobin-content  and  the  corpuscles  augment  to 
the  same  degree  in  high  altitudes.  A  return  of  the  individual  to  a 
lower  level  is  followed,  in  twelve  to  thirty-six  hours^  by  a  distinct 
fall  both  in  hsemoglobin  and  the  number  of  corpuscles. 

In  pernicious  anaemia  the  marrow  fat  of  the  bones  is  invaded 
by  the  red  marrow  which  normally  exists  at  the  extremities  of  bones, 
the  whole  marrow  becomes  red  and  a  manufactory  of  red  corpuscles. 
Iron  and  arsenic  seem  to  stimulate  the  bone-marrow  to  produce  red 
corpuscles.  The  final  fate  of  red  blood-corpuscles  is  to  be  broken 
up  chiefly  in  the  liver  and  excreted  in  the  bile  as  bile  pigment,  if 
the  disintegration  of  red  corpuscles  is  very  great  the  pigment  may 
obstruct  the  bile  capillaries  and  the  bile  be  reabsorbed,  producing 
"haematogenous  jaundice.'* 

There  is  both  an  increased  destruction  and  an  increased  regen- 
eration of  red  corpuscles  in  pernicious  anaemia.  The  blood-count 
may  be  reduced  to  143,000  per  cubic  millimeter. 

In  chlorosis  the  corpuscular-count  falls  considerably.  A  de- 
crease to  half  a  million  per  cubic  millimeter  is  the  lowest  limit 
compatible  with  life. 

life-cyole  of  the  Bed  Corpnsoles. — The  life  of  the  red  corpuscle 
is  unknown.  In  experimental  transfusion  the  red  corpuscles  disap- 
pear at  the  end  of  a  variable  period.  The  destruction  of  blood- 
corpuscles  in  extravasations  does  not  give  us  any  precise  results. 
Observing  the  differences  in  color,  consistency,  and  chemical  reac- 
tion, it  is  found  that  they  correspond  to  the  different  degrees  of 
development.  This  shows  that  in  the  blood  there  is  a  constant 
destruction  and  renewal  of  the  corpuscles. 

Quincke  believes  that  a  red  corpuscle  lives  from  three  weeks  to 
a  month. 

Besides  the  liver,  the  spleen  is  also  a  place  for  the  destruction 
of  the  red  corpuscles. 

Countini^  Red  Corpuscles. — ^Various  methods  have  been  devised 
for  counting  the  number  of  corpuscles,  the  instruments  used  receiv- 
ing the  name  heemacytomefers.  Modifications  are  numerous,  but 
underlying  all  of  them  is  one  main  principle,  namely:  the  actual 
counting  of  the  corpuscles  within  a  certain  measured  bulk.  To 
preserve  the  shape  and  integrity  of  these  little  bodies  during  the 
technique  it  is  necessary  to  dilute  the  sample  of  blood  with  some 
solution  whose  specific  gravity  exactly  equals  that  of  the  blood- 
serum.  Some  of  this  blood-solution  is  then  placed  upon  a  gradu- 
ated slide  beneath  a  microscope  for  counting,  when  the  number 
per  cubic  millimeter  is  easily  computed. 
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piece.  With  the  blood  up  to  the  1.0  mark  and  enough  diluting 
saline  to  bring  the  whole  quantity  of  liquid  to  101,  the  dilution  is 
1  to  100. 

The  second  portion  of  the  inetrument,  known  as  the  counliitj 
chamber,  is  conatrueted  so  as  to  enable  one  to  count  under  the  micro- 
scope all  the  cells  in  a  known  bulk  of  the  diluted  blood.  In  the 
center  of  a  thick  glass  slide  is  cemented  a  cover-glass  of  accurately 


Fig.  Sl.^Daland'B  Hematocrit. 

measured  thickness  with  a  hole  in  the  center  of  about  1  centimeter 
in  diameter.  In  the  central  area  of  this  cover-glass  there  is  also 
cemented  to  the  glass  slide  a  glass  disc  about  2  millimeters  smaller 
in  diameter  and  exactly  ^4a  millimeter  thinner  than  the  cover-glass. 
The  glass  shelf  being  exactly  y^  millimeter  thinner  than  the  cover- 
glass,  it  will  readily  be  seen  that  if  a  second  loose  cover-glass  he 
laid  upon  the  first,  the  under  surface  of  this  loose  cover-glass  will 
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Fig.  62. — Bed  Blood-corpuscles.     (Landoib.) 
a,   b,   Nomial  huiD*i]  red  corpuscles  wllb  the  central  deprnslon  more  or 
leu    In    (ocus,    r.    it,   e,    Hulberrjr    tonus,    g,    A.    Crcnated    corpuscle*,    k.    Psic 
decolored  corpuscles,    i,    Stroma.    /,    Frog's  corpuscles  acted  upon  by  >  strong 
ssllne  soluUon. 

he  exactly  ^o  millimeter  above  the  upper  surface  of  the  glass  disc. 
In  this  way  there  is  secured  a  layer  of  fluid  Vio  millimeter  in  depth. 
Furthermore,  1  square  millimeter  of  the  surface  of  the  disc  is  out- 
lined and  subdivided  by  intersecting  lines  into  400  small  squares. 
For  convenience  in  counting,  every  fifth  row  of  squares  is  divided 
into  two  by  an  additional  line.  The  volume  of  diluted  blood  above 
each  square  of  the  micrometer  will  be  ^ooo  cubic  millimeter.  The 
average  of  10  or  more  squares  is  then  ascertained,  which  result  is 
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multiplied  by  4000  times  100  to  give  the  number  of  corpuscles  in  a 
cubic  millimeter  of  undiluted  blood. 

The  HiEMATocBiT. — A  rapid  approximate  determination  of  the 
relative  percentage  of  the  corpuscles  may  be  made  by  Daland^s 
insirumenL  The  blood  is  sucked  up  the  graduated  tube  without 
dilution  and  then  centrifuged.  The  corpuscles  rapidly  accumulate 
at  the  end  of  the  tube  in  an  almost  solid  mass,  and  their  collective 
volume  can  be  directly  read  off.  The  estimate  can  be  made  with  a 
small  quantity  of  blood,  and  is,  therefore,  capable  of  being  used  for 
clinical  purposes.  Daland  found  that  50  was  normal;  this,  multi- 
plied by  100,000,  gives  the  number  of  corpuscles  in  1  cubic  milli- 
meter. 

H/CMOLYSIS,  OR  LAKINQ  OF  BLOOD. 

Ezperiments  TTpon  the  Blood. — Points  of  interest  to  the  physiol- 
ogist particularly  and  to  the  clinician  incidentally  have  been  dis- 
closed as  the  results  of  some  simple  experimental  work  upon  the 
blood-corpuscles.  Each  red  corpuscle  is  seen  to  be  composed  of  a 
fine  meshwork,  or  stroma,  consisting  of  noncolored,  homogeneous 
protoplasm.  Scattered  throughout  this  framework  is  the  iron-hold- 
ing pigment,  which  gives  color  to  the  corpuscle  and  is  the  substance 
with  which  the  oxygen-gas  enters  into  loose  combination.  Any 
reagent  which  is  able  to  sever  the  union  between  stroma  and 
hipmoglobin  causes  the  latter  to  pass  into  solution  in  the  plasma. 
The  once-red  corpuscles  then  appear  as  transparent  bodies.  This 
makes  the  blood  dark  red,  but  transparent^  since  the  coloring  mat- 
ter is  in  solution.  When  the  blood  is  in  this  condition  it  is  said 
to  be  'lake-colored.*' 

This  discharge  of  the  hs&moglobin  from  the  corpuscles  is  called 
haemolysis.  The  substances  which  produce  this  state  of  affairs  are 
hemolytic  agents. 

Overton  holds  that  the  surface  layer  of  the  protoplasm  of  all 
animal  and  vegetable  cells  is  impregnated  with  a  layer  of  a  compound 
of  cholesterin  and  lecithin  which  permits  of  a  slow  or  rapid  exchange 
of  substances  between  the  cell  and  its  medium.  The  static  osmotic 
features  of  a  cell  independent  of  its  inherent  protoplasmic  activity 
depends  upon  the  solubility  of  substances  in  cholesterin-lecithin. 
Hence  the  cell-envelope  is  permeable  to  most  organic  poisons,  alka- 
loids, phenol  and  antipyrin,  whilst  proteids  or  carbohydrates  cannot 
possibly  enter  the  cell  in  a  similar  manner.  The  haemolytic  action 
of  saponine,  solanine  and  digitaline  is  regulated  by  the  nature  of 
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this  envelope.     Hedin  has  shown  that  the  red  corpuscles  are  very 
permeable  to  aldehydes,  ketones  and  alcohols. 

The  action  of  certain  organic  substances  is  of  considerable 
importance.  Thus,  bile  and  the  alkaline  salts  of  the  biliary  acids 
have  the  power  to  dissolve  and  destroy  the  red  corpuscles  with 
phenomena  which  resemble  those  produced  by  the  action  of  chloro- 
form.    Urea  in  solution  and  excess  of  alkali  also  destroys  them. 

The  lowering  of  osmotic  pressure  in  the  plasma  by  water  will 
make  the  blood  laky,  an  act  of  ha?moly8is,  because  an  excess'  of  water 
lowers  the  osmotic  pressure  outside  the  corpuscle;  then  the  water 
enters  the  corpuscles,  discharges  and  dissolves  the  haemoglobin. 

The  red  corpuscles  comport  themselves  in  saline  solutions  as  an 
element  with  a  semi-permeable  envelope  containing  a  liquid. 

For  each  sodium  chloride  solution  there  is  such  a  degree  of  con- 
traction that  the  red  corpuscles  remain  the  same  as  in  the  plasma. 
This  is  called  an  isotonic  solution,  and  its  osmotic  pressure  is  the 
same  as  that  of  the  plasma.     If  the  water  in  the  sodium  chloride 
solution  is  proportionately  increased,  the  blood-corpuscles  absorb  a 
part  and  swell.     Here  the  osmotic  pressure  of  the  sodium  chloride 
solution  is  lower  than  that  of  the  plasma,  and  is  called  a  hypotonic 
solution.     When  the  osmotic  pressure  is  higher  than  that  of  the 
plasma,  then  the  rod  corpuscle  gives  out  its  water  until  the  osmotic 
pressure  of  the  cell  contents  is  equal  to  the  osmotic  pressure  of  the 
solution.     This  is  called  a  hypertonic  solution. 

The  percentage  of  NaCl  necessary  to  generate  such  a  solution 
is,  for  frogs'  blood,  0.05  per  cent. ;   for  blood  of  man,  0.95  per  cent. 

Haemolysins. — Laky  blood  may  also  be  produced  upon  the  injec- 
tion of  the  blood-serum  of  one  animal  into  the  blood  of  another  kind 
of  animal,  the  serum  having  the  power  to  destroy  the  red  corpuscles. 
The  term  "globulicidal  action"  covers  this  property  of  the  serum. 

But  the  tenn  "globulicidal  action"  has  been  replaced  by  the 
term  haemolysis.  This  is  not  due  to  differences  in  osmotic  pressure, 
but  to  a  haemolysin  in  the  blood  which  is  composed  of  two  bodies, 
amboceptor  and  complement  or  alexin.  The  microbe  of  tetanus 
generates  a  tetanolysin.  Snake  venoms  set  free  the  haemoglobin  in 
red  corpuscles.  The  action  of  foreign  serum  is  not  limited  to  an 
action  only  on  the  red  corpuscles,  for  it  may  attack  nerve  and  other 
cells.  0.04  cubic  centimeter  of  serum  of  certain  Italian  eels  by  the 
vein  kills  the  rabbit,  with  apparently  an  action  on  the  vasomotor  and 
respiratory  centers.  Dilutions  of  serum  of  certain  Italian  eels  1  to 
15,000  or  to  20,000  produces  haemolysis  of  the  red  corpuscles  in  other 
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Animals^  and  is,  up  to  the  present,  the  most  powerful  hsemolytic 
agent  known. 

As  to  vitality,  it  is  known  that  the  corpuscles  of  the  blood  that 
have  escaped  from  the  circulatory  system,  as  well  as  those  from 
defibrinated  blood,  when  reintroduced  into  the  living  blood-stream, 
retain  their  vitality. 

THE  WHITE  CORPUSCLES. 

The  white  corpuscles  are  colorless,  spherical  little  bodies  which 
are  a  little  larger  than  the  red  ones  and  much  less  nimierous.  Each 
is  about  ^500  ^^h  in  diameter  and  is  composed  of  granular  proto- 
plasm that  is  highly  refractile  and  without  any  enveloping  mem- 
brane. 

In  striking  contrast  to  the  erythrocytes,  the  leucocytes  possess 
not  only  one,  but  usually  three  nuclei;  even  four  are  not  uncom- 
mon.    Within  the  nuclei  may  be  defined  several  distinct  nucleoli. 

When  examining  a  section  of  blood,  it  is  at  once  a  striking  fea- 
ture how  few  are  the  white  as  compared  with  the  red  corpuscles.  In 
the  average  field  but  three  or  four  are  found,  while  at  the  same 
time  hundreds  of  erythrocytes  are  noticed.  The  average  is  but  1 
white  for  every  500  or  600  red  ones. 

This  proportion  does  not  pretend  to  convey  an  accurate  idea  of 
their  relationship  because  of  the  frequent  fiuctuations  of  the  white 
corpuscles  even  in  a  single  day.  They  increase  during  digestion  and 
diminish  during  abstinence.  Seven  thousand  five  hundred  white 
corpuscles  are  found  in  a  cubic  millimeter  of  blood. 

Bleeding,  lactation,  quinine,  local  suppuration,  pregnancy,  and 
leucocythsemia  increase  the  white  corpuscles;  their  number  is  dimin- 
ished by  large  doses  of  mercury. 

The  proportionate  number  of  leucocytes  that  is  found  in  blood 
drawn  from  its  containing  vessels  is  no  criterion  of  the  number 
found  within  the  blood-stream.  As  soon  as  blood  is  drawn  from  the 
body,  for  no  accountable  reason,  an  immense  number  of  white  cor- 
puscles disappears.  It  is  stated  that  there  remain  but  one-tenth  of 
the  number  previously  found  in  circulation. 

Colorless  corpuscles  are  not  essentially  peculiar  to  the  blood- 
stream nor  to  be  found  only  in  it,  for  similar  corpuscles  are  found 
in  lymph,  chyle,  adenoid  tissue,  the  marrow  of  the  long  bones,  and 
also  as  wandering  cells  in  connective  tissue,  drawn  thither  by  inflam- 
mation and  by  bacteria. 

Varieties. — According  to  Ehrlich,  they  may  be  separated  into 
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ihree  groupSy^the  basis  of  classification  depending  upon  the  staining 
proclivities  of  the  granules  held  within  the  cytoplasm.  To  the  first 
group  he  gave  the  name  eosinophiles,  because  the  granules  of  this 
class  of  corpuscles  stain  best  with  acid  aniline  dyes.  The  basophiles 
comprise  the  second  group  and  include  those  staining  best  with  basic 
dyes.  Last  come  the  neutrophiles;  their  granules  are  capable  of 
being  colored  only  by  the  presence  of  neutral  dyes.  This  classifica- 
tion is  a  very  popular  one,  and  holds  a  very  prominent  position  in 
pathological  circles. 

White  blood-corpuscles  are  classified  in  two  varieties: — 

I.  Lymphocytes  are  without  granules  in  the  cell  and  without 
amoeboid  movement. 

(a)  Small  mononuclear  lymphocytes  are  about  the  size  of  a  red 
blood-corpuscle,  have  a  large,  round,  concentric  nucleus,  a 
small  amount  of  cytoplasm,  and  are  strongly  basophilic,  20 
per  cent. 

(b)  Large  mononuclear  lymphocytes  have  a  large,  oval  nucleus, 
located  excentrically;  cytoplasm  relatively  considerable,  not 
granular,  and  are  weakly  basophilic,  1  per  cent. 

II.  Leucocytes  have  a  granular  cytoplasm  and  amoeboid  move- 
ment. 

(a)  Transitional  are  mononuclear  leucocytes,  having  a  large 
nucleus,  considerable  granular  cytoplasm,  and  neutrophilic 
granules.  They  are  a  transitional  form  between  the  large 
lymphocytes  and  the  polymorphonuclear  leucocytes,  7  per 
cent. 

(&)  Polymorphonuclear  leucocytes  have  the  amoeboid  movement 
well  developed;  the  granules  in  the  cytoplasm  are  neutro- 
philic; and  the  nucleus  is  divided  into  lobes,  connected  by 
bands,  70  per  cent. 

(c)  Eosinophiles  have  a  segmented  nucleus,  the  granules  in  the 
cytoplasm  are  large  and  stain  with  eosin ;  they  are  oxyphilic, 
2  per  cent. 

(d)  Mast  cells  are  small  in  number,  with  a  polymorphic  nucleus 
and  basophilic  granules,  OA/2  per  cent. 

Amoeboid  Moyement. — All  the  leucocytes  have  in  common  a  very 
remarkable  attribute  of  spontaneously  changing  their  shape  and 
thereby  executing  certain  movements,  which,  from  their  great 
similarity  to  those  performed  by  the  micro-organism,  amoeba,  have 
been  termed  amoeboid.  When  the  conditions  of  temperature  and 
moisture  are  maintained  at  the  proper  standard,  the  leucocytes  will 
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cussed  under  the  head  of  "Coagulation."    They  are  believed  to  help 
maintain  the  needed  proportion  of  proteids  in  the  blood. 

Their  most  evident  function  is  the  protection  of  the  economy 
from  both  harmless  and  pathogenic  bacteria.  This  they  accomplish 
by  two  methods.  The  first  is  by  generating  a  defensive  proteid- 
which,  when  imbibed  by  the  bacteria,  kills  them.  The  second  and 
more  usual  method  is  that  of  drawing  into  their  interiors  the 
various  bacteria,  together  with  the  debris  resulting  from  lesions,  and 
digesting  them.  From  this  apparent  consumption  of  foreign  par- 
ticles they  have  gained  for  themselves  the  name  of  phagoctfteSf  and 
the  act  is  known  as  phagocytosis.  The  seat  of  the  presence  of  the 
bacteria  marks  a  miniature  battlefield,  with  the  hosts  of  bacteria 
drawn  up  on  one  side  in  battle  array  against  the  leucocytes,  the  two 
armies  to  become  engaged  in  a  death-struggle.  If  the  leucocytes, 
now  termed  phagocytes,  are  victorious,  they  not  only  kill  their 
adversaries,  but  even  remove  every  vestige  of  the  combat,  aided  by 
the  fixed  connective-tissue  cells.  Those  leucocytes  which  come  out 
of  the  affray  unharmed  and  are  no  longer  needed,  find  their  way 
back  into  the  blood-stream. 

If,  however,  the  bacteria,  with  their  toxic  secretions  and  excre- 
tions, are  too  powerful  for  the  phagocytes,  the  latter  succumb,  to 
become  pus-corpuscles.  When  the  pus  has  been  removed  by  drain- 
age and  the  action  of  other  leucocytes,  the  broken-down  tissues  are 
replaced  by  regenerating  connective  tissues. 

Bacteria  alone  are  not  the  provocation  for  attack  by  the  phago- 
cytes, for  the  presence  of  other  foreign  matters  will  also  call  out 
an  assault.  It  is  well  known  that  surgical  ligatures  of  gut  and  silk 
that  are  allowed  to  remain  withiti  the  body-cavity  and  tisanes  are 
gradually  removed,  particle  by  particle,  by  the  phagocytic  action  of 
the  leucocytes. 

The  absorption  of  the  tails  of  tadpoles  and  other  batrachians 
is  due  to  phagocytic  action. 

Diapedesis. — By  reason  of  their  locomotive  tendencies  the  leu- 
cocytes and  red  corpuscles  are  able  to  make  their  way  through  the 
walls  of  the  capillaries;  this  emigration  has  been  styled  diapedesis. 
There  are  several  stages  before  the  leucocyte  finally  makes  its  exit, 
namely:  slowing  of  the  current  with  the  adherence  of  the  cell  to 
the  side  of  the  blood-vessel,'  and  projection  of  processes,  to  be  fol- 
lowed by  the  gradual  exit  of  the  entire  leucocyte.  This  process 
occurs  to  some  extent  in  health,  but  is  greatly  exaggerated  bv 
inflammation,  presence  of  bacteria,  etc.     Circumscribed  collections 
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^ide  of  the  vessels  often  form  abscesses,  the  leucocytes  then 

:eiye  the  name  pus-corpuscles.    The  leucocytes  in  this  condition 

ually  are  dead  and  show  signs  of  fatty  degeneration.    Frequently 

d  corpuscles  follow  in  the  wake  of  the  white  ones,  passing  through 

le  openings  in  the  vessel-walls  made  by  the  former. 

In  acute  fevers  and  septic  processes,  as  the  temperature  rises 
here  follows  a  decrease  in  the  number  of  erythrocytes,  with  a 
corresponding  increase  of  leucocytes. 

Origin  of  Leucocytes. — The  source  of  the  colorless  corpuscles 
seems  to  be  rather  extended.  They  originate  in  the  bone-marrow 
and  spleen,  but  the  credit  for  greatest  production  belongs  to  the 
lymphoid  tissues  and  lymphatic  glands.  From  these  latter  sources 
the  leucocytes  enter  the  lymph-circulation,  from  thence  to  be 
emptied  into  the  blood-stream.  After  having  once  gained  entrance 
to  the  blood-circulation  there  is  rapid  multiplication  to  keep  up  the 
proper  supply,  since  many  succumb  to  the  poisons  secreted  and 
excreted  by  the  various  bacteria. 

One  set  of  observers  assert  that  all  white  corpuscles  are  derived 
from  a  single  type  of  cell;  that  the  nongranular  can  form  the 
^^rauular.  Another  set  of  observers  hold  that  there  is  no  relation 
between  the  granular  and  nongranular,  and  that  one  is  never  trans- 
formed into  the  other. 

In  l}Tiiphatic  leukaemia  the  red  marrow  is  transformed  into  a 
mass  of  adenoid  tissue,  with  the  natural  consequence  that  the 
granular  cells  disappear  almost  entirely.  The  large  clear  cells  with 
a  single  nucleus  in  the  marrow  are  the  mother-cells  of  the  granular 
leucocytes,  which,  by  the  protoplasmic  deposit  of  granules,  become 
granular  myelocytes,  in  which  the  nuclei  are  still  single,  and  are 
largely  present  in  myelogenous  leukaemia. 

The  marrow  produces  the  granular  cell,  whilst  the  lymphatic  tissue 
generates  the  nongranular  cell.  Muir  has  calculated  that  all  the 
white  cells  in  the  blood  would  not  sufiice  to  form  more  than  an 
ounce  of  pus.  The  average  life  of  the  leucocyte  is  a  few  days.  The 
spleen  is  largely  a  place  of  destruction  of  leucocytes. 

Blood-plates,  Haematoblasts  of  Hayem  and  Hsemaconien  or  Blood- 
Dnft. — In  addition  to  the  erythrocytes  and  leucocytes  found  floating 
in  the  liquor  sanguinis,  there  have  been  discovered  other  numerous, 
smaller  bodies,  termed  blood-plates  and  elementary  granules. 

The  blood-plates  are  pale  yellow  or  colorless  discs;  round,  oval, 
or  crescentic  in  shape;  and  varying  within  wide  ranges  as  to  size, 
being   about  half   the   size   of   the    red   corpuscle.     Deetjen    states 
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that  blood-plates  are  nucleated  and  contain  protoplasm  with  an 
amoeboid  movement.  In  blood  that  has  been  drawn  from  the  vessels 
they  diminish  very  rapidly  both  in  numbers  and  size,  becoming  grad- 
ually dissolved  in  the  plasma.  They  are  readily  seen  in  blood 
treated  with  1  per  cent,  of  solution  of  osmic  acid. 
I  As  to  their  nature,  there  is  some  diversity  of  opinion,  but  the 
consensus  of  thought  seems  to  be  in  favor  of  the  plates  being  formed 
bodies,  and  not  precipitates.  They  have  been  found  to  contain  the 
same  elements  chemically  as  the  nuclei  of  the  leucocytes. 

The  number  of  blood-plates  is  about  half  a  million  per  cubic 
millimeter.    In  the  defibrination  of  blood  by  whipping  two  periods 
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Fig.  54. — Blood* plates  and  their  Derivatives.     (Landois.) 

1,  Red  corpuscle  on  the  flat.  2,  On  the  side.  3,  Unchanged  blood-plates. 
4,  Lymph-corpuscle  surrounded  by  blood-plates.  6,  Altered  blood-plates.  6, 
Lymph-corpuscle  with  two  heaps  of  blood-plates  and  threads  of  fibrin.  7, 
Group  of  fused  blood-plates.  8,  Small  group  of  partially  dissolved  blood-plates 
with  fibrils  of  fibrin. 

can  be  distinguished:  in  the  first,  a  thick  layer  of  platelets  collect 
on  the  bunch  of  wires,  whilst  in  the  second  these  bodies  coalesce  into 
a  granular  mass  in  which  layers  of  fibrin  collect.  The  platelets 
have  numerous  processes.  Blood-plates  can  be  seen  in  the  circulat- 
ing blood  of  the  bat,  mouse  and  guinea-pig. 

Endocarditis  and  injury  to  the  wall  of  a  vein,  damaging  the 
blood,  gives  rise  to  the  formation  of  a  white  thrombus,  which  is 
formed  by  an  adhesion  of  red  corpuscles  to  the  parts.  This  throm- 
bus extrudes  the  platelets,  which  consist  of  nucleo-proteid,  and  form 
more  thrombi.  The  function  of  blood-plates  is  to  assist  in  coagula- 
tion and  in  the  formation  of  thrombi.  Blood-plates  are  less  in 
purpura^    The  lessened  coagulability  here  may  in  part  be  caused  by 
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a  diminution  of  the  fibrin,  which  is  supposed  to  depend  upon  the 
plates  for  its  source.    Blood-plates  are  increased  in  leukaemia. 

Hcsmaconxen  are  smaller  than  the  blood-plates,  and  appear  to 
be  composed  of  portions  of  the  protoplasm  of  leucocytes.  They 
contain  proteid  and  fatty  matters. 

FORMATION  OF  RED  BLOOD-CORPUSCLBS. 

The  red  corpuscles,  like  every  other  portion  of  the  economy, 
perform  their  allotted  task  and  round  of  existence,  to  finally  die  and 
disappear. 

The  origin  of  the  red  corpuscle  as  to  time  may  be  spoken  of  as 
that  which  occurs  during  intra-utenne  life  and  that  occurring  during 
extra-uterine  life. 

During  Intra-uterine  Life. — The  corpuscles  which  first  appear 
in  the  human  embryo  owe  their  existence  to  a  very  simple  origin. 
They  differ  in  some  respects  from  those  that  appear  later  during 
intra-uterine  life,  and  very  materially  from  those  formed  during  life 
outside  of  the  uterus. 

The  wall  of  the  yelk-sac,  situated  entirely  outside  of  the  body 
of  the  embryo,  is  the  seat  of  the  first  vessels  and  blood.  In  the 
chick  the  corpuscles  appear  during  the  first  days  of  incubation  and 
before  the  appearance  of  a  heart.  At  the  end  of  the  first  day^,  sur- 
rounding the  early  embryo  there  appears  a  circular,  vascular  area 
made  up  of  cords  of  cells  in  which  are  developed  the  first  evidences 
of  the  vessels  and  corpuscles.  The  corpuscles  appear  in  groups 
within  this  branched  network  of  mesoblastic  cells,  where  they  form 
the  ''blood-islands*^  of  Pander.  Presently  the  cords  of  mesoblastic 
cells  which  compose  this  network  begin  to  become  vacuolated  and 
hollowed  out  to  constitute  a  system. of  branching  canals,  at  the  same 
time  that  their  cells  acquire  the  endothelial  type.  The  small, 
nucleated  masses  of  protoplasm,  known  as  the  'Tjlood-islands," 
undergo  disintegration,  whereby  their  nuclei  are  set  free  soon  to 
collect  around  themselves  a  thin  envelope  of  protoplasm.  These 
constitute  the  primitive  red  corpuscles,  and  are  the  only  bodies  con- 
tained within  the  blood  during  the  first  month.  In  the  meantime 
they  have  been  acquiring  a  reddish  hue,  which  marks  the  advent  of 
the  haemoglobin.  As  the  canals  become  extended  and  branched 
eventually  to  connect  with  the  heart  as  its  system  of  vessels,  there 
appears  within  them  a  fluid  into  which  are  emptied  the  red  cor- 
puscles. Thus  is  completed  the  circulation.  According  to  Klein, 
the  nuclei  of  the  protoplasmic  vessel-walls  multiply  to  form  new 
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cells.  The  primitive  corpuscles  are  spherical  in  shape,  nucleated, 
and  possess  amoeboid  movements.  They  undergo  multiplication  by 
karyokinesis. 

During  the  foetal  period  the  protoplasm  of  the  conneciive-iissue 
corpuscles,  derived  from  the  mesoblast,  contains  cells  of  the  size  and 
appearance  of  blood-corpuscles.  The  mother-cells  elongate,  throw- 
out  processes  which  become  hollowed  out  and  branched  until  they 
reach  the  regular  circulatory  vessels,  with  which  they  unite  to  empty 
into  them  their  fluid  and  cells.  During  this  period  also  they  seem 
to  be  developed  from  the  liver,  spleen,  and  red  bone-marrow. 

During  Extra-nterinc  Life. — ^For  some  time  after  the  birth  of 
the  mammal,  nonnucleated  corpuscles  are  still  formed  in  the  spleen, 
liver,  and  connective-tissue  cells,  but  by  far  the  most  important  and 
prolific  seat  is  in  the  red  marrow  of  hones.  It  is  in  the  bones  of  the 
skull,  trunk,  and  ends  of  the  long  bones  that  blood-formation  is 
most  extensive,  since  the  shafts  of  these  bones  contain  a  yellow, 
fatty  substance  which  is  nonproductive.  Within  the  marrow  are 
seen  numbers  of  nucleated,  red  cells,  which  are  very  similar  to  the 
corpuscles  of  the  embryo,  and  which,  like  them,  multiply  by  karyo- 
kinesis. From  these  repeated  divisions  there  result  nonnucleated 
red  corpuscles  which  are  washed  into  the  circulation.  The  blood- 
forming  cells  have  received  the  name  of  eryihroblasts,  and  they  are 
particularly  numerous  after  copious  haemorrhage,  when  the  lost  blood 
is  being  replaced  by  more  active  formation.  At  such  times  some 
erythroblasts  may  appear  in  the  blood-stream,  having  been  forced 
out  prematurely,  so  active  is  the  function  of  the  red  marrow  in 
striving  to  repair  the  damage  done.  These  soon  lose  their  nuclei 
while  in  the  blood-stream.  If  the  loss  by  haBmorrhage  has  been  par- 
ticularly severe,  the  yellow  bone-marrow  and  spleen  assist  in  blood- 
manufacture,  for  in  the  latter  and  in  the  splenic  vein  are  found 
nucleated,  red  corpuscles  identical  with  those  of  the  red  marrow  of 
bone. 

DESTRUCTION  OF  THE  RED  CORPUSCLES. 

The  student  can  gain  some  comprehension  of  the  number  of  cor- 
puscles which  must  constantly  be  undergoing  disintegration  when 
he  recalls  the  fact  that  all  of  the  pigmentary  matters  in  the  body 
owe  their  existence,  directly  or  indirectly,  to  the  hremoglobin  of 
these  little  bodies.  The  quantities  of  urinary  and  biliary  pigments 
alone  that  are  excreted  from  the  economy  are  considerable. 

Physiologists  have  proved  that  there  are  fewer  red  corpuscles 
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The  presence  of  iron  in  the  spleen  has  long  made  this  organ  seem 
a  cradle  to  many  physiologists  where  erythrocytes  are  born  and 
nourished.  But  the  presence  of  this  same  element  advances  an 
argument  equally  as  strong  in  favor  of  the  spleen  being  the  grave 
for  these  same  bodies. 

Pathologically^  masses  of  iron  substances  are  found  within  the 
spleen,  liver,  and  red  bone-marrow  when  abnormal  disintegration 
occurs,  as  in  ancBmia* 

COMPOSITION  OF  CORPUSCLES. 

A  very  notable  fact  about  the  red  corpuscles  is  the  low  content 
of  water.  Muscle  and  nerve  tissue  have  about  75  per  cent,  of  water. 
The  feeble  metabolic  changes  in  the  corpuscle  are  shown  by  this 
want  of  water. 

The  red  corpuscles  consist  of  a  stroma  containing  in  its  meshes 
a  peculiar  proteid  haemoglobin.  Chemically  they  are  made  of  60  per 
cent,  of  water  and  36  per  cent,  of  hsemoglobin,  the  remaining  4  per 
cent,  representing  the  stroma,  which  is  made  up  of  lecithin,  choles- 
terin,  and  nucleo-proteid.  The  white  corpuscles  consist  of  solids 
and  water.  The  solids  are  gluco-proteids  and  nucleo-proteids  and  a 
small  amount  of  albumin  and  globulin.  The  protoplasm  may  also 
contain  glycogen  and  fat.  The  nucleus  is  made  up  of  nucleo-pro- 
teids,  nuclein,  and  nucleic  acid.  The  phosphorus  content  of  the 
nucleus  is  greater  than  that  of  the  protoplasm. 

The  table  on  the  next  page  is  the  result  of  the  analyses  reported  by 
Halliburton. 

The  other  named  constituents  are  common  to  the  two  kinds  of 
corpuscles.  The  mineral  components  are  principally  the  chlorides 
of  potassium  and  sodium  and  the  phosphates  of  calcium  and  mag- 
nesium, the  phosphates  being  in  greater  proportion.  It  will  be 
remembered  that  the  sodium  salts  assume  greater  proportions  in  the 
plasma.  The  nucleo-proteid  obtained  from  the  white  corpuscles  is 
the  precursor  of  the  fibrin-ferment  of  coagulation. 

Haemoglobin. — This  is  the  pigment  matter  of  the  red  corpuscles. 
Haemoglobin  is  a  proteid  composed  of  globin,  a  histon,  and  haematin. 
Its  principal  characteristics  are:  (1)  its  ability  to  combine  chem- 
ically with  oxygen  and  other  gases,  (2)  its  spectroscopic  phenomena, 
(3)  its  crystallization,  and  (4)  the  fact  of  its  containing  iron. 

It  is  by  virtue  of  the  presence  of  this  haemoglobin  that  the  red 
corpuscles  are  capable  of  performing  the  function  of  oxygen-carr\'- 
ing — carrying  it  from  the  external  respiration  in  the  lungs  to  the 
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iniemaJ  respiration  in  the  cells  of  the  tissues.  The  hjemoglobin 
molecule  possesses  the  property  of  linking  to  itself  an  oxygen  mole- 
cule, forming  a  compound  known  as  oxyhcemoglobin.  The  union  of 
the  two  molecules  is  so  unstable  that  the  presence  of  an  easily 
oxidized  body,  or  of  an  atmosphere  with  a  lower  oxygen  pressure, 
separates  the  two,  the  oxidizable  body  and  the  atmosphere  taking 
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5  per  cent,  of  ammonium  oxalate.  Under  the  microscope  this 
mixture  will  soon  show  the  formation  of  crystals. 

The  hsemoglohins  of  different  animals  are  not  identical  for  the 
following  reasons:  They  do  not  crystallize  with  the  same  ease,  the 
crystals  are  not  of  the  same  shape^  they  do  not  contain  the  same 
proportion  of  water  of  crystallization,  their  solubilities  are  not  the 
same,  and  the  proportion  of  iron  differs.  Dr.  E.  T,  Eeichert  has 
confirmed  these  facts  by  a  study  of  the  general  form  of  the  crystals 
and  a  measurement  of  their  angles. 

Hsemin. — ^Haemin  is  the  decomposition-product  that  results  from 
the  action  of  hydrochloric  acid  upon  hoematin.  The  hsemin  crystals 
are  small  rhombic  plates  and  prisms.  The  finding  of  the  crystals 
of  Teichmann  constitutes  the  best-known  clinical  test  for  the  detec- 
tion of  blood.  The  crystals  are  prepared  by  adding  a  small  crystal 
of  common  salt  to  dry  blood  on  a  glass  slide,  and  then  an  excess  of 
'glacial  acetic  acid.  The  preparation  is  then  gently  heated  until 
bubbles  of  gas  are  given  off.  Upon  cooling,  the  characteristic  ha'min 
cr}-8tals  are  formed.  By  transmitted  light  the  crystals  appear  as 
mahogany-brown,  but  by  reflected  light  they  are  bluish  black. 

Chemical  Properties. — Haemin  crystals  are  insoluble  in  water, 
alcohol,  ether,  and  chloroform.  Very  strong  sulphuric  acid  is 
capable  of  dissolving  them.  Should  this  solution  be  evaporated  to 
dryness  and  the  residue  properly  treated,  there  will  be  produced  a 
brown,  amorphous  powder.  This  product  is  known  as  hcBmatopor- 
phyrin, 

HsematoporpIiyTin  is  iron-free  haematin.  It  is  frequently  found 
in  pathological  urines,  while  traces  of  it  are  to  be  found  in  normal 
urine. 

It  has  the  same  formula  as  bilirubin,  isomeric,  but  not  identical. 
Mesoporphyrin,  containing  one  atom  of  oxygen  less  than  haemato* 
porphyrin,  is  said  to  be  identical  with  haematoidin. 

Chlorophyll,  the  pigment  of  plants  concerned  in  respiration  and 
containing  iron,  gives  a  body,  phylloporphyrin,  on  cleavage  by  acids. 
It  is  similar  to  haematoporphyrin. 

The  two  important  pigments,  animal  and  vegetable,  haemoglobin 
and  chlorophyll  are  both  related  to  hawnopyrrol,  derived  from  pyrrol, 
which  shows  a  very  interesting  chemical  relation  between  the  color- 
ing matters  of  the  animal  and  vegetable  kingdom. 

Esmatoidin. — In  old  blood-extravasates  in  the  brain,  haema- 
toidin is  found  in  crystals.  It  is  an  iron-free  derivative  of  haemo^ 
globin,  identical  with  bilirubin. 
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Methemoglobin. — Methsemoglobin  is  prepared  chemically  by 
adding  amyl  nitrite  to  blood.  It  contains  the  same  amount  of  oxy- 
gen as  haemoglobin,  but,  owing  to  its  different  combination,  the 
oxygen  cannot  be  removed  even  in  a  vacuum ;  hence  it  cannot  be  a 
transporter  of  oxygen  to  the  tissues.  Potassium  chlorate  and  the 
continued  use  of  antipyrin  and  acetanilid  will  produce  methsemo- 
globin. 

Carbon-monoxide  Hemoglobin,  or  Carbozyhaemoglobin. — ^With 
carbon-monoxide  gas  (CO)  haemoglobin  forms  a  compound  similar  to 
oxyhsemoglobin,  but  known  as  carhon^monoxide  haemoglobin.  This 
union  is  much  more  stable  than  the  preceding,  so  that  when  carbon- 
monoxide  gas  is  breathed  in  excess  death  results  from  asphyxia,  since 
the  tissues  are  prevented  from  receiving  their  proper  supply  of 
oxygen. 

Carbon-monoxide  results  from  the  incomplete  combustion  of 
carbon  in  coal  and  charcoal  stoves.  Its  poisonous  properties  are 
caused  by  its  combining  so  firmly  with  the  haemoglobin  of  the  cor- 
puscles that  it  prevents  union  with  oxygen,  and  so  produces  asphyxia. 
The  blood  of  both  veins  and  arteries  is  bright,  cherry-red  in  color. 
In  poisoning  from  this  gas,  artificial  respiration  with  saliile  trans- 
fusion is  sometimes  of  avail. 

For  a  better  understanding  of  the  import  of  the  absorption 
bands  of  the  coloring  matters  in  the  blood,  a  brief  description  will 
be  given  of  the  instrument  whereby  they  are  studied. 

THE  SPECTROSCOPE. 

When  white  light,  or  that  which  reaches  us  from  the  sun,  passes 
from  one  medium  into  another  more  dense,  it  is  decomposed  into 
several  kinds  of  light,  a  phenomenon  to  which  the  name  dispersion 
is  given.  Thus,  when  a  pencil  of  the  sun's  rays  is  passed  through 
a  prism  of  flint  glass,  it  is  broken  up  into  the  seven  colors  of  the 
spectrum.  This  band  of  colors  may  be  seen  naturally  in  the  form 
mentioned  as  being  placed  inside  the  apparatus  and  is  reflected  up 
through  the  slit  belonging  to  the  compound  prism.  If  any  incan- 
descent object  is  placed  in  a  suitable  position  with  reference  to  the 
aperture  its  spectrum  will  be  obtained  and  will  be  seen  on  looking 
through  it.  F  shows  the  position  of  the  field-lens  of  the  eyepiece. 
G  is  a  tube  made  to  fit  the  microscope  to  which  the  instrument  is 
applied.  To  use  this  instrument  insert  G  like  an  eyepiece  in  the 
microscope  tube,  taking  care  that  the  slit  at  the  top  of  the  eyepiece 
is  in  the  same  direction  as  the  slit  below  the  prism.     Screw  on  to 
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For  the  same  substance  the  bands  are  always  identical  and  similarly 
placed.  Thus,  a  solution  of  oxy haemoglobin  of  a  certain  strength 
gives  two  bands,  reduced  haemoglobin  gives  only  one.  The  other 
derivatives,  metb«moglobin,  haematin,  hamin,  etc.,  though  similar 
to  haemoglobin  when  viewed  with  the  naked  eye,  yet  each  gives 
characteristic  absorption  bands  in  various  positions. 

Hsemochromogen  is  produced  by  treating  an  alkaline  haematin 
solution  with  ammonium  sulphide.     It  is  reduced  alkaline  haematin. 

Carbon-monoxide  haemoglobin,  oxyhaemoglobin,  ha?mochromo- 
gen,  and  haematoporphyrin  have  two  characteristic  bands  in  their 
spectra. 

By  adding  ammonium  sulphide  you  can  distinguish  between 
oxyhemoglobin  and  carbon-monoxide  hemoglobin,  sYnce  the  two 
bands  of  oxyhaemoglobin  disappear,  whilst  those  of  carboxyhsemo- 
globin  remain  unaltered. 

Haemochromogen  bands  are  to  the  violet  side  and  haematopor- 
phyrin to  the  red  side  of  the  bands  of  oxyhaemoglobin  in  the  spec- 
trum. Acid  haematin,  alkaline  haematin,  reduced  haemoglobin,  and 
methaemoglobin  can  each  produce  a  band  on  the  red  side  of  D  line. 
A  reducing  agent  mVkes  this  band  vanish  in  the  case  of  methaemo- 
globin or  alkaline  haematin,  and  produces  reduced  hemoglobin  or 
reduced  hematin.  Reduced  hemoglobin  can  be  temporarily  reoxi- 
dized  by  shaking  the  solution. 

Picro-carmine  gives  a  two-banded  spectrum,  but  it  differs  in 
position  from  the  double  bands  of  oxyhemoglobin.  They  are  unal- 
tered by  ammonium  sulphide,  whilst  oxyhemoglobin  gives  the  double 
band  of  reduced  hematin  by  the  addition  of  ammonium  sulphide. 

The  amount  of  hemoglobin  as  calculated  by  various  methods 
and  instruments  has  been  found  to  be  in  man,  13.77  per  cent.;  in 
woman,  12.59  per  cent.  Pregnancy  reduces  the  quantity  from  9  to 
12  per  cent.  Normally  there  are  two  periods  in  a  person's  life  when 
the  amount  of  hemoglobin  attains  maximum  limits — ^in  the  blood 
of  the  newborn  and  again  between  the  years  twenty-one  and  forty- 
five.  Pathologically  there  follows  a  decrease  during  recovery  from 
febrile  conditions  during  phthisis,  cancer,  cardiac  disease,  chlorosis, 
anemia,  etc. 

It  is  known  that  dry  hemoglobin  contains  0.4  per  cent,  of  iron, 
and  that  all  the  iron  of  the  blood  is  held  by  the  hemoglobin  of  the 
red  corpuscles.  •  The  ainpunt  of  iron  in  the  blood  is  about  45  grains. 

Colorimetric  methods  consist  in  making  comparisons  between  a 
standard  solution  of  a  known  strength  and  the  test  solution  of  blood 
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DARE'S  H>EMOQLOBINOMETER. 

Dare's  instrument  is  on  the  same  principle  as  Von  Fleischrs, 
except  it  compares  a  film  of  undiluted  blood  with  a  wedge  of  colored 

The  essential  parts  of  the  instrument  are  an  automatic  pipette 

(or  collecting  the  blood  and  a  graduated  color  comparison  to  measure 

the  percentage  of  haemoglobin  contained  therein.     In  making  an 

observation,  the  instrument  is  held  very  much  as  a  field  glass,  that 

i'V   up  before  the  eyes,  which  are  screened  from  the  candle  light  by 

it       If  the  reading  is  100,  the  haemoglobin  is  normal;  if  the  reading 

is  TO,  there  is  TO  per  cent,  of  the  normal. 

To  use  the  instrument,  a  puncture  is  made  in  the  lobe  of  the 
ear  ;  the  first  drop  of  blood  is  wiped  away,  whilst  the  second,  which 
slioiild  correspond  in  size  to  a  drop  of  water,  is  touched  as  it  emerges 
fr-<3in  the  woimd  to  either  of  the  three  free  edges  of  the  pipette,  held 
h<->:rizontally,  which  fills  automatically  to  its  margin  by  capillary 
at  t  taction.  When  filled,  the  excess  upon  the  edge  presented  to  the 
b  1  ood  drop  is  removed  by  quickly  wiping  it  as  the  pipette  is  withdrawn. 

PHYSICAL  PROPERTIES  OF  THE  PLASMA. 

Plasma  is  the  fluid  part  of  the  blood  as  it  occurs  in  a  healthy 

^^ridition  within  the  circulatory  system.     However,  upon  its  removal 

^^Dm  the  body  there  is  formed  in  it  a  solid  substance,  called  fibrin, 

^^om  elements  which   it  previously  held   in   solution.     The   fiuid 

"^'hich  surrounds  the  clot  is  termed  serum ;  it  is  plasma  minus  fibrin. 

l^lasma  is  described  as  a  clear,  somewhat  viscid  fluid ;  that  of  man, 

v^hen  strata  are  examined,  is  colorless;   when  in  bulk  it  is  slightly 

yellow  because  of  the  presence  of  a  pigment. 

CHEMICAL  PROPERTIES  OF  PLASMA  AND  SERUM* 

In  order  to  examine  plasma,  a  very  great  amount  of  caution  is 
necessary  to  prevent  its  coagulation,  even  after  separating  the  cor- 
puscles. The  most  common  methods  for  obtaining  it  in  a  liquid 
state  are  by  the  use  of  the  *^iving  test-tube^' — an  excised  piece  of 
jugular  of  a  horse  filled  with  blood,  and  cold  as  an  environment.  It 
has  been  found  that  serum  differs  from  plasma  only  in  respect  to 
certain  porteids,  and,  as  it  is  so  much  easier  to  handle  the  serum, 
the  latter  is  principally  used  for  experimentation. 

Chemically  the  plasma  is  composed  of  inorganic  and  organic 
substances,  with  certain  gases^ 
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Inoi^^anio  ConBtitiieiits. — The  plasma's  greatest  factor  is  water. 
It  is  this  which  gives  it  fluidity  and  is  present  to  the  extent  of  90 
per  cent.  There  are  present  many  salts;  sodium  chlorid'e,  carbonate 
of  soda^  chloride  of  potassium^  sulphate  of  potassium^  phosphate  of 
calcium,  phosphate  of  sodium,  and  phosphate  of  magnesium.  The 
first  two  occur  in  the  greatest  amounts,  the  remaining  ones  only 
as  traces.  It  is  carbonate  of  soda  that  gives  to  plasma  its  ability  to 
absorb  carbonic  acid  and  it  also  contributes  much  to  its  alkalinity. 

Organic  Constituents. — These  components  are  readily  divisible 
into  proteid  and  nonproteid  groups. 

The  Proteids  are: — 

1.  One  albumin  (serum-albumin). 

2.  Two  globulins,  termed  serum-globulin  and  fibrinogen. 

3.  A  nucleo-proteid. 


lu  Weight.  In  Volume. 

Fig.  60. — Relative  Proportion  of  Corpuscles  and  of  Plasma.     (Human 

Blood. )     (  Langlois.  ) 

The  classes  of  proteids  present  various  solubilities  in  neutral  salt 
solutions,  by  appreciation  of  which  they  are  able  to  be  separated 
from  one  another. 

The  albumins  upon  half-saturation  with  ammonium  sulphate 
remain  in  solution,  while  the  globulins  and  nucleo-proteids  are  pre- 
cipitated. The  precipitate  is  removed  by  filtrations,  or  the  albu- 
mins may  themselves  be  precipitated  by  saturation  with  ammonium 
sulphate. 

The  globulins  almost  universally  possess  the  characteristic  of 
coagulating  when  heat  of  75**  C.  is  applied  to  them.  In  man  the 
globulins  make  up  about  3  per  cent,  of  the  total  serum. 

Fibrinogen  is  also  a  globulin.  It  is  precipitated  by  half -satura- 
tion with  NaCl  thus  making  its  differentiation  from  serum-globulin 
a  comparatively  easy  task.  Upon  precipitating  with  NaCl,  if  a  lime 
salt  be  added,  the  precipitate  partakes  of  the  nature  of  a  fibrin-clot 
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or  coogulum,  but  it  its  not  true  fibrin,  since  it  is  a  (Combination  of 
fbrinogen  with  lime. 

NucUo-proteid  of  Plasma. — About  the  only  characteristic  that 
is  tnown  in  connection  with  the  nueleo-proteid  is  that  it  is  very 
Kscntial  to  the  formation  of  fibrin  during  coagulation.  It  is  formed 
b>'  the  dissolution  of  the  leucocytes  and  blood-plates  after  the  blood 
is  shed  from  the  body.  When  hydrocele,  poricardial,  and  ascitic 
fluids  contain  no  leucocytes,  it  haa  been  noticed  that  they  lack  power 
of  spontaneous  coagulation.  The  nucleo-proteids  in  the  presence  of 
calcium  salts  form  a  substHnce  which  is  identical  in  every  respect 


Fig.  61. — Delicate  Fibrin  C'oagulum  (from  Croupous  Pueumoiiia.) 
X  350.     (Lbnhabtz.) 

with  the  fibrin-fermml  of  Alexander  Schmidt.  This  new  Bubstance 
possesses  the  power  of  converting  fibrinogen  into  fibrin. 

The  Nomproteids  of  the  Plasma. — The  nonproteids  comprise 
both  nilrogenovs  and  nonnitrogenovs  elements. 

The  nonnitrogenous  consist  of  carbohydrates  and  fats,  with 
small  amounts  of  lipochrome  and  sarcolactic  acid. 

The  nitrogenous  elements  comprise  in  their  category  urea,  uric 
acid,  hippuric  acid,  crcatin,  and  some  ferments. 

Vrea,  which  represents  the  end-product  of  nitrogenous  combus- 
tion of  the  tissues  must  be  included  among  the  normal  elements  of 
this  fluid.  It  is  found  in  the  blood  in  small  proportion.  But  it  can 
accumulate  in  an  abnormal  manner  within  the  blood.  It  is  in  this 
way  that  ablation  of  the  kidneys,  acute  nephritis,  and  the  terminal 
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feverish  period  of  cholera,  in  which  the  urinary  secretion  is  sup- 
pressed, provoke  the  accumulation  of  urea  in  the  hlood. 

(Htses. — Oxygen,  carbon  dioxide  and  nitrogen  are  present.  The 
oxygen  is  united  to  the  hemoglobin  of  the  red  corpuscle. 

The  combinations  of  carbonic  acid  in  the  blood  are  much  more 
complex  than  those  of  oxygen.  In  100  cubic  centimeters  of  arterial 
blood  carbonic  acid  is  associated  as  follows: — 

1  to  2  cubic  centimeters  of  CO^  dissolved  in  plasma. 

35  to  40  cubic  centimeters  of  COj  in  combination  in  plasma. 

10  cubic  centimeters  of  COj  in  the  corpuscles. 

Carbonic  acid  dissolved  in  the  plasma  exists  in  a  state  of  carbo- 
nate and  bicarbonate,  in  the  red  corpuscles  in  a  state  of  phospho- 
carbonate  of  sodium  and  carbo-haemoglobin. 

The  nitrogen  is  simply  dissolved  in  the  plasma. 

Blood-semm. — Blood-serum  is  blood-plasma  minus  fibrinogen. 
Serum  contains  serum-globulin,  serum-albumin  and  fibrin-ferment 
(nucleo-proteid.)  Serum  is  a  liquid,  slightly  viscid,  of  a  yellow 
color,  or  may  be  milk-like  in  color  if  the  diet  has  been  rich  in  fat, 
due  to  the  presence  in  it  of  fat,  and  has  a  saline  taste.  The  amount 
of  serum  is  a  third  or  a  half  of  the  whole  quantity  of  blood.  The 
substances  in  the  senmi,  like  in  the  plasma,  are  sodium  and  potas- 
sium chloride,  potassium  sulphate,  sodium  and  calcium  phosphates, 
magnesium  phosphate  and  sodium  carbonate.  The  chief  salt  of 
these  is  sodium  chloride,  forming  nearly  one-half  of  the  inorganic 
salts.  The  quantity  of  salt  is  about  8  parts  in  a  1000.  The  quan- 
tity of  sodium  chloride  in  the  blood  is  very  constant.  In  animals 
deprived  of  sodium  chloride  the  proportion  of  salt  in  the  blood 
diminishes  very  little.  The  kidneys  excrete  very  little.  If,  how- 
ever, a  large  amount  of  salt  is  taken  it  is  rapidly  eliminated  by  the 
kidneys.  The  importance  of  having  a  fixed  amount  of  sodium 
chloride  always  in  the  blood  is  the  necessity  to  preserve  the  osmotic 
pressure. 

The  Semm-albuinin  and  Senun-globulin  of  Serum. — They  have 
the  general  characteristics  of  the  albumins  and  globulins.  In  star- 
vation the  quantity  of  serum-albumin  diminishes,  that  of  serum- 
globulin  increases.  Besides  these  bodies  there  is  also  found  a  small 
quantity  of  nucleo-proteid  in  the  serum: — 

Sugar, — One  part  in  a  1000  is  also  found  here. 
.  Fat, — The  quantity  of  fat  in  the  blood  varies  very  much.    It 
swings  between  1  to  7  parts  in  a  1000  in  the  dog.     The  fatty  mat- 
ters are  neutral  fats,  soaps  and  lecithin.    The  fat  acids  are  found 
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in  combination  with  cholesterin;  glycerin  normally  exists  in  the 
blood,  0.001  parts  in  a  1000. 

The  Coloring  Matter. — The  serum  is  colored  yellow  by  a  body 
which  belongs  to  the  luteine  group,  and  is  often  called  lipochrome 
or  seroluteine. 

Enzymes. — There  are  several  ferments,  as  lipase,  anti-ferments; 
also  alexins,  hemolysins,  precipitins,  etc. 

Lactic  acid  is  also  found,  which  is,  in  part,  dependent  upon  meat 
in  the  diet.     Its  quantity  varies  from  0.17  per  cent,  to  0.6  per  cent. 

COAQULATION  OF  THE  BLOOD. 

Normal  blood  contained  within  the  body  vessels  is  a  fluid.  For 
a  very  brief  period  after  it  makes  its  exit  from  a  wounded  vessel  it 
remains  in  a  liquid  state,  but  within  two  or  three  minutes  its 
viscidity  increases  until  there  is  formed  a  solid  of  the  consistency 
of  jelly;  to  this  has  been  given  the  name  blood-clot.  The  process 
whereby  the  clot  is  formed  is  termed  coagulation,  and  is  caused  by 
the  presence  of  a  body  called  fibrin. 

To  best  observe  the  process  of  coagulation,  the  blood  is  drawn 
into  an  open  vessel,  a  beaker.  The  initial  change,  which  occurs 
within  the  first  two  or  three  minutes,  is  the  formation  of  a  jelly-like 
layer  over  the  surface  of  the  blood;  during  the  next  three  or  four 
minutes  this  layer  extends  to  such  a  degree  that  the  entire  blood- 
mass  becomes  enveloped.  If  at  this  time  the  contents  of  the  vessel 
be  turned  out,  they  form  a  mold  of  the  exact  shape  of  the  contain- 
ing vessel,  or  the  vessel  may  be  inverted  without  the  escape  of  the 
contents.  This  jelly-like  mass  is  the  clot.  Within  it  are  imprisoned 
the  serum  and  corpuscles. 

A  straw-colored  fluid,  the  serum,  is  expressed,  appearing  upon 
the  surface  to  form  finally  a  transparent  layer  of  liquid  around  the 
clot.  The  retraction  is  complete  at  the  end  of  from  twelve  to 
twenty  hours,  at  which  time  all  of  the  serum  has  been  expressed  and 
the  corpuscles  enmeshed  within  the  network  of  fibrin.  The  clot,  so 
dense  that  it  may  readily  be  cut  with  a  knife,  being  heavier  than 
the  serum,  is  found  at  the  bottom  of  the  vessel.  It  is  now  just 
about  one-half  of  its  original  size.  The  serum,  when  examined,  is 
found  to  be  practically  free  from  corpuscles.  The  character  of  the 
clot  varies  according  to  the  state  of  the  blood.  It  is  large,  soft,  and 
tears  easily  at  times.  At  other  times  it  is  small,  resistant,  and  from 
the  energetic  contraction  of  the  fibrin  the  edges  of  the  upper  sur- 
face of  the  clot  curve  over  so  as  to  form  a  sort  of  cup. 
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The  clotting  of  the  blood  is  due  to  the  development  in  it  ol 
fibrin,  whose  fibrils  arrange  themselves  in  the  form  of  a  network. 

In  blood  within  its  vessels  there  are  found  no  such  fibrils  o£ 
fibrin;    therefore  normally  no  coagulation  occurs  within  the  body- 
These  fibrils  then  must  have  been  formed  by  some  change,  chemical- 
or  otherwise,  of  one  or  more  constituents  of  the  blood.     That  th< 
corpuscles  themselves  cannot  form  a  clot  excludes  them,  so  that  oi 
attention  is  turned  to  the  plasma.     In  it  is  formed  the  fibrin,  fo^^ 
pure  plasma  from  which  the  corpuscles  have  been  removed  very 
readily  coagulates.     When  blood  is  vigorously  beaten  with  twigs, 
long  shreds  of  a.  nearly  transparent  substance  are  found  adhering 
to  them.     These  are  fibrin-fibers,  free,  or  nearly  so,  from  corpuscles. 
Its  structure  consists  of  very  delicate,  doubly-refractive  fibrils  of 
microscopical  size. 

Many  theories  have  been  propounded  to  account  for  the  forma- 
tion of  fibrin  and  the  coagulation  of  the  blood,  but  the  one  most 
widely  received  is  that  of  Hammersten,  a  Swedish  investigator. 

In  the  study  of  plasma  it  was  learned  that  one  of  its  constitu- 
ents was  a  proteid  of  the  globulin  class,  to  which  had  been  given 
the  name  fibrinogen.  It  is  held  in  solution  by  the  plasma  and  is 
believed  to  be  an  end-product  of  the  disintegration  of  useless  white 
corpuscles.  Within  the  circulating  fiuid  there  is  an  immense  num- 
ber of  these  white  cells;  when  blood  is  withdrawn  from  the  living 
vessel  there  is  a  large  and  very  sudden  destruction  of  them ;  accord- 
ing to  Alexander  Schmidt,  71.7  per  cent,  are  dissolved.  When  these 
little  bodies  are  disintegrated  in  the  laboratory  they  yield  nucleo- 
proteids;  so  that  it  is  very  probable  that  practically  the  same 
products  result  upon  disintegration  in  the  shed  blood.  To  this 
nucleo-proteid  has  been  given  the  name  prothrombin.  By  the  action 
of  the  calcium  salts  dissolved  in  the  blood-plasma  the  prothrombin 
is  converted  into  fibrin-ferment,  or  thrombin.  When  thrombin  comes 
into  contact  with  the  fibrinogen  molecule  dissolved  in  the  plasma  it 
splits  it  into  two  parts:  one  is  a  globulin,  which  is  very  small  in 
proportion  and  equally  unimportant;  it  remains  in  solution.  The 
other  is  the  insoluble  substance  fibrin,  which  entangles  the  corpus- 
cles and  is  so  essential  to  the  formation  of  the  blood-clot. 

To  epitomize,  it  may  be  said  that  coagulation  depends  upon 
three  factors,  according  to  Hammersten^s  theory:  (1)  calcium  salts  to 
convert  the  nucleo-proteids  in  the  form  of  prothrombin  into  throm- 
bin, or  (2)  fibrin-ferment;  this  latter  breaks  up  the  (3)  fibrinogen  in 
solution  into  an  unimportant  globulin  and  the  all-important  fibrin. 
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Fibrin-ferment  is  a  term  used  simply  for  convenience  and  prob- 
ablj  is  a  misnomer.  It  is  a  proteid  of  the  globulin  group  whose 
substance  does  not  seem  to  be  used  up  in  the  process  nor  to  enter 
into  the  fibrin  formed ;  a  small  quantity  of  it  serves  to  break  up  an 
immense  amount  of  fibrinogen. 

Calcium  is  needed  only  in  the  formation  of  fibrin-ferment,  and 
is  not  needed  for  the  action  of  the  fibrin-ferment  on  fibrinogen. 
This  is  shown  in  the  schema  below. 

Cell 
Plasma Thrombokinase 

Lime  Salts  ^-^    ' 

Thrbmbogen  or  I  ^^-^ 

Prothrombin  -  — Thrombin 

Thrombin  ot_.^'^ — ^^  .  Metathrombin 

Fibrin-ferment 

—Alkali 

Thrombin 

This  schema  gives  the  method  of  the  formation  of  thrombin  or 
fibrin-ferment  according  to  Morawitz.  The  active  substance  in  the 
tissues  is  thrombokinase.  Thrombogen  is  assumed  to  exist  in  cir- 
culating blood,  and  is  formed  from  the  blood-plates  and  the  white 
corpuscles.  The  pre-existence  of  thrombogen  in  blood  is  shown  by 
the  venous  injection  of  the  juices  of  tissues  producing  coagulation. 
Thrombokinase  is  intra-  and  extra-vascular,  and  is  formed  from  the 
white  corpuscles.  Thrombokinase  can  be  obtained  from  all  tissues 
as  a  general  protoplasmic  product,  whilst  thrombogen  is  not  found 
in  the  tissues.  Thrombokinase  is  thermolabile,  but  stands  more  heat 
than  fibrin-ferment.  It  is  easily  destroyed  by  autolysis  and  alcohol. 
In  the  plasma  of  the  circulating  blood  is  found  all  the  necessary 
factors  for  coagulation,  fibrinogen,  lime  salts  and  thrombogen;  the 
only  thing  wanting  is  thrombokinase.  Thrombokinase  comes  from 
the  extra-vascular  formed  elements  of  the  blood,  which  by  contact 
with  foreign  bodies  gives  the  thrombokinase  to  the  plasma.  If 
blood  is  received  under  oil  or  in  a  paraffined  glass,  then  it  remains 
fluid  for  a  long  time,  since  no  adhesions  and  no  irritant  by  a  foreign 
body  acts  upon  the  formed  elements. 

When  blood  flows  from  a  cut  it  rapidly  clots,  owing  to  the 
thrombokinase  supplied  by  those  tissues  over  which  it  runs. 

The  formation  of  an  active  fibrin-ferment  from  the  action  of 
thrombogen,   thrombokinase   and  lime   salts   cannot  be   chemically 
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defined.    It  is  not  known  if  the  thrombokinase  acts  quantitatively 
or  by  a  ferment  action.    By  coagulation  the  whole  thrombogea 
material  is  not  used  up,  for  you  can  find  it  in  the  serum,  whicb 
becomes  active  by  adding  the  juice  of  tissues.     The  greater  part  of 
the  formed  thrombin  soon  passes  into  an  inactive  form,  metathrom-^ 
bin^  but  by  alkali  or  acids  can  again  be  changed  in  thrombin. 

The  Importance  of  the  lime  Salts  in  the  Formation  of  th^ 
Fibrin-ferment. — It  was  found  by  Arthus  and  Pages  that  if  the  lim^^ 
salts  were  rendered  insoluble  by  oxalates,  the  blood  did  not  clot. 
The  addition  of  calcium  salts  makes  the  oxalate-plasma  clot.  Cal- 
cium fluoride  or  citrate  acts  like  the  oxalate.  This  showed  that  the 
presence  of  soluble  calcium  salts  is  necessary.  Hammersten  found 
out  that  calcium  is  not  necessary  in  the  second  stage  of  the  act  of 
coagulation.  It  is  in  the  first  stage,  in  the  formation  of  the  fibrin- 
ferment,  that  the  presence  of  a  soluble  calcium  salt  is  involved. 
Pekelharing  and  Hammersten  have  shown  that  the  calcium  salts 
activate  a  pro-thrombin  present  in  the  plasma. 

The  Action  of  the  Injection  of  Fibrin-ferment  and  the  Time 
Juices  Into  the  Blood. — As  a  rule,  fibrin-ferment  from  the  s^rum 
causes  intra-vascular  clotting,  deadly  thrombi.  The  organism, 
however,  has  the  power  to  make  small  quantities  of  the  fibrin-fer- 
ment inactive. 

The  juices  of  tissues,  tissue  extracts,  often  cause  in  rather  small 
doses  extensive  intra-vascular  clots,  which  chiefly  originate  in  the 
right  heart. 

In  that  peculiar  hereditary  disease  of  males  only,  hsemophilia, 
there  is  a  want  of  coagulation.  Morawitz  and  Lessen  found  in  blood 
drawn  from  the  veins  of  a  ha&mophilic  that  it  took  two  hours  to  clot, 
that  the  addition  of  calcium  chloride  did  not  accelerate  coagulation, 
that  fibrinogen  was  normal  in  amount,  and  that  the  addition  of 
thrombokinase  clotted  the  blood  like  it  does  normal  blood  in  one 
minute.  The  serum  of  the  haeanophilic  contains  more  fibrin-ferment 
than  normally  exists.  Hence,  the  trouble  in  these  cases  seems  to 
be  a  want  of  thrombokinase. 

A  condition  known  as  huffy  coat  occurs  when  blood  -coagulates 
very  slowly.  It  is  most  readily  seen  in  horses*  blood,  being  caused 
by  the  more  rapid  sinking  of  the  red  corpuscles  in  slow  coagulation, 
thus  leaving  the  upper  stratum  to  consist  of  a  layer  of  fibrin  and 
white  corpuscles.  This  whitish  layer  is  elastic,  has  some  resistance, 
is  more  or  less  opaque,  and  has  therefore  been  designated  the  huffy 
coat. 
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The  shape  of  the  vessel  is  also  a  factor  in  the  production  of 
**l)uflEy  coat/'  If  the  vessel  be  long  and  straight,  the  fall  of  the 
corpuscles  is  facilitated.  The  buffy  coat  then  appears.  No  buffi- 
ness,  however,  is  seen  if  the  vessel  be  large  and  low,  and  if  the  blood 
be  received  in  a  vessel  which  is  shuken  from  time  to  time.  The  blood 
of  different  parts  of  the  vascular  system  shows  differences  as  to  the 
time  required  for  complete  coagulation.  Arterial  blood  coagulates 
more  quickly  than  venous;  blood  of  the  hepatic  veins  coagulates 
very  little,  and  the  same  is  true  of  menstrual  blood — probably  due 
in  the  latter  to  mixture  with  the  alkaline  vaginal  secretions,  for, 
when  menstruation  is  so  abundant  that  this  alkalinity  is  overcome, 
then  clotting  may  ensue. 

Fibrinogen. — This  body  pre-exists  in  circulating  plasma.  The 
most  recent  experiments  show  that  the  liver  is  the  place  of  origin 
of  fibrinogen,  and  many  believe  the  myeloid  tissue  of  the  medulla 
of  the  bones  also  participate  in  its  formation.  By  different  injuries 
to  the  liver  the  fibrinogen  disappears  from  the  blood.  The  same 
result  ensues  from  poisoning  by  phosphorus  and  by  chloroform,  after 
the  injection  of  hepatotoxic  serum,  and  after  the  exclusion  of  the  liver 
bv  Eck*s  fistula.  After  the  arrest  of  the  abdominal  circulation  the 
fibrinogen  disappears  in  the  blood  of  the  anterior  part  of  the  animal. 
In  most  diseases  with  leucocytosis,  also  in  irritation  of  the  medulla  of 
bones,  there  is  an  hyperinosis,  an  increase  of  fibrinogen  in  the  plasma. 
But  there  is  a  direct  relation  between  the  number  of  leucocytes  in  the 
circulating  blood  and  the  quantity  of  fibrinogen. 

With  pneumococcus  infection,  according  to  Langstern  and 
Mayer,  the  formation  of  a  leucocytosis  is  often  attended  with  a 
great  increase  of  fibrinogen. 

The  Change  of  Fibrinogen  into  Fibrin. — It  is  supposed  by  Ham- 
raersten  that  the  thrombin  causes  a  splitting  of  the  fibrinogen  mole- 
cule, with  the  formation  of  an  insoluble  fibrin  and  a  soluble  fibrin- 
globulin.  The  majority  of  observers  do  not  believe  in  the  splitting 
of  fibrinogen  as  held  by  Hammersten,  but  in  a  molecular  change  of 
the  fibrinogen. 

Agents  which  Betard  Coagulation. — Neutral  salts,  like  concen- 
trated solution  of  magnesium  sulphate,  sodium  sulphate  and  sodium 
chloride,  retard  coagulation.  These  salts  retard  the  action  of  the 
formed  thrombin.  Strong  refrigeration  acts  in  a  similiar  way.  Bile 
salts,  in  a  much  less  concentrated  solution  than  the  neutral  salts, 
retard  coagulation.  The  bile  salts  seem  to  do  this  in  a  way  similar 
to  that  of  the  neutral  salts.     Calcium  chloride  is  often  given  for 
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some  time  previous  to  operation  on  the  gall-bladder,  where  there  h3.s 
been  much  jaundice,  to  prevent  the  haemorrhages  which  may  ensixe 
on  account  of  hindrances  to  coagulation  by  -the  long  action  of  tli^« 
bile  on  the  blood. 

Agents  are  found  in  the  blood-plasma  and  serum  which  retaip^ 
coagulation  in  the  oxalate-plasma  and  in  the  sodium  fluoride-plasm; 
Also  in  serum  there  are  bodies  hindering  coagulation,  although  th 
serum   contains  thrombin.     Normal   serum   inhibits   the   action  o 
strong  active  fibrin-ferment.     It  must  then  be  inferred  that  in  cir 
culating  normal  blood  there  are  substances  which  tend  to  inhibi 
coagulation,  antithrombins.     There  are  bodies  which  act  in  a  direct- 
manner  to  inhibit  coagulation,  like  snake  venom  and  hirudin,  the 
latter  coming  from  the  salivary  glands  of  the  leech.     Hirudin  has 
chemical  peculiarities  like  a  secondary  albumose,  loses  its  powere 
completely  or  in  part  by  heating  at  100°  C,  and  dialyzes  with  diffi- 
culty.    This  leech  product  acts  intravascular  and  extravascular,  and 
is  the  best  means  in  the  physiological  laboratory  to  prevent  the  clot- 
ting of  blood. 

This  substance  is  supposed  to  be  antithrombin,  and  thus  pre- 
vents the  clotting  of  blood. 

In  snake  venoms,  especially  in  that  of  the  cobra,  there  is  a  body 
which,  in  very  small  doses  (0.00001  gram  to  each  kilogram  of  the 
animal),  hinders  coagulation  in  the  body  and  in  vitro.  Its  action 
against  the  formed  thrombin  is  less  than  against  the  formation  of 
thrombin.  Peptone  injections  per  vein  and  other  bodies  of  the 
peptone  group  retard  coagulation.  This  action  has  been  ascribed  to 
the  mixture  with  proteoses.  If  the  liver  is  excluded,  peptone  fails 
in  preventing  coagulation ;  hence  the  liver  plays  the  most  important 
part  in  the  retardation  of  coagulation  by  peptone.  An  antithrombin 
exists  in  healthy  blood  to  prevent  clotting  in  the  blood-vessels,  and 
is  formed  in  the  liver.  The  proteoses  stimulate  the  liver  to  produce 
an  excess  of  antithrombin  in  the  blood  and  the  peptones  in  this  way 
prevent  the  clotting  of  blood.  The  serum  of  certain  Italian  eels 
also  prevents  coagulation. 

Mellanby  states  that  the  negative  phase  of  blood  in  coagulation 
owes  its  fluidity  to  the  absence  of  fibrinogen,  cobra  blood  to  the 
presence  of  an  antikinase  not  to  an  ant i fibrin-ferment,  peptone 
blood  to  the  presence  of  an  excess  of  alkali  excreted  by  the  liver 
stimulated  by  the  injected  peptone,  and  hirudin  blood  to  the  pres- 
ence of  an  antikinase  and  an  antiferment. 

The  .saturation  of  blood  with  COg  (thus  in  asphyxia  the  blood 
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does  not  coagulate).  Blood  received  into  a  vessel  filled  with  oil  does 
not  coagulate.  Coagtdation  is  prevented  when  the  blood  Ib  in  con- 
tact with  normal,  living,  vascular  walls.  The  addition  of  certain 
articles  retards  coagulation ;  thus,  feeble  doses  of  alkalies,  carbonate 
of  sodium  and  potassium,  sugar,  water  and  albumin.  In  lightning 
strokes,  the  blood  does  not  coagulate. 

Age&ts  Aeceleratiner  Coagulation. — ^I  have  alluded  to  the  action 
of  calcium  salts  in  the  different  acts  of  coagulation. 

1.  The  internal  use  of  calcium  chloride  or  calcium  lactate 
shortena  the  time  of  coagulation.  Gelatin  also  accelerates  coagula- 
tion, which  has  been  ascribed  by  Gley  to  the  lime  salts  in  the  gelatin. 
2.  A  temperature  a  little  higher  than  that  of  the  body  (10!^  to  107** 
F.).  3.  Presence  of  foreign  bodies.  If  a  needle  be  made  to  pene- 
trate the  wall  of  a  vessel,  fibrin  is  deposited  upon  it  and  so  produces 
coagulation.  It  seems  to  be  a  sort  of  phenomenon  analogous  to  that 
which  occurs  when  a  thread  is  suspended  in  a  solution  of  sugar,  when 
the  crystals  of  sugar  are  deposited  upon  it.  Injections  of  laky  blood 
accelerate  coagulation. 

The  Acceleration  of  Coag^ulation  by  Tissue  Substances. — ^It  has 
been  known  for  a  long  time  that  not  only  in  the  blood-serum,  but 
also  in  the  different  cellular  elements  of  the  organism,  there  was  a 
substance  which  accelerated  coagulation.  It  was  known  by  the  name 
of  cell-globulin,  xell-fibrinogen,  nucleo-proteid  of  tissue,  etc.  Pekel- 
haring  showed  that  this  body  in  the  tissues  acted  like  fibrin-ferment. 
According  to  Schmidt,  this  body  is  a  zymoplastic  substance.  Its 
nature  is  at  present  unknown. 

Fuld  and  Spiro  from  experiments  upon  the  action  of  tissue 
extract  upon  the  plasma  of  the  goose  conclude  that  the  acceleration 
of  coagulation  increases  with  the  square  root  of  the  quantity  of 
extract,  which  corresponds  to  the  Schiitz-Borrisow  law  for  ferments, 
and  makes  the  action  of  thrombin  like  a  ferment. 

Pathological  Action. — If  the  wall  of  a  blood-vessel  becomes  dis- 
eased, as  in  atheroma,  it  loses  the  power  to  prevent  clotting,  and  a 
clot  may  form. 

Why  Blood  does  not  Normally  Coagulate  within  the  Blood- 
Tenels. — Much  time  and  experiment  have  been  given  to  ascertaining 
the  cause  for  noncoagulation  within  living  walls,  but  notwithstanding 
the  question  is  yet  unsettled.  By  some  it  is  thought  that  the 
destruction  of  the  white  corpuscles  is  not  extensive  enough  to  fur- 
nish the  proper  supply  of  nucleo-proteid,  from  which  fibrin-ferment 
is  manufactured.    According  to  Schmidt,  the  blood  within  the  living 
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vessels  is  constantly  being  acted  upon  by  two  opposing  influences: 
one  with  a  tendency  to  promote  coagulation,  the  other  to  oppose  it- 
antithrombin.    In  health  the  former  never  gains  the  ascendency. 

Hemorrhage  and  its  Effects. — It  is  common  knowledge  that  a 
very  abundant  Ipss  of  blood  causes  death.    The  blood  has  for  its 
functions  to  insure  the  physical  conditions  of  the  life  of  the  cells 
as  well  as  to  maintain   an  excitability  of  the  nerve-cells  which 
govern  respiration  and  circulation.     Every  considerable  loss  of  blood 
disorders  cell-life  in  the  organism,  tending  to  cause  death.     Necrosis 
very  soon  manifests  itself  when  a  member  has  by  some  procedure 
been  deprived  of  its  normal  supply  of  blood.     When  the  loss  of 
blood  has  been  from  the  whole  system,  and  not  confined  to  any 
member,  a  general  death  precedes  the  local   death  of  the  cells^ 
because,  the  oxygen  not  going  to  the  cardiac  and  respiratory  cen- 
ters, the  functions  of  the  heart  and  lungs  are  arrested.     The  prin- 
cipal symptoms  of  great  loss  of  this  vital  fluid  are  general  paleness 
and  lower  temperature  of  the  cutaneous  surface,  oppression,  breath- 
lessness,  stoppage  of  the  secretions,  with  final  general  convulsions 
of  anaemia. 

The  quantity  of  blood  which  can  be  lost  without  causing  death 
varies  according  to  age,  sex,  temperature,  etc.  The  loss  of  some 
cubic  centimeters  in  the  newborn,  of  a  half-pound  in  an  infant  of 
one  year,  or  of  half  the  quantity  of  blood  in  an  adult,  is  capable  of 
causing  death.  "Women  bear  the  loss  of  blood  much  better  than  men 
because  of  the  periodical  haemorrhages  to  which  they  are  subject. 

The  renewal  of  the  blood  appears  to  be  accomplished  rapidly, 
although  the  time  of  withdrawal  plays  an  important  role  in  deter- 
mining whether  there  will  be  attending  fatality.  If  the  loss  has  not 
been  too  rapid,  the  fiuid  part  of  the  blood  and  its  dissolved  salts 
is  replenished  by  withdrawal  from  the  lymph  of  the  tissues.  Later 
the  albumin  is  restored,  but  a  much  longer  period  is  required  for 
replenishment  of  the  corpuscles.  The  amount  of  haemoglobin  is 
diminished  in  proportion  to  the  amount  of  bleeding. 

Shock  very  materially  affects  the  results  of  haemorrhage.  When 
the  sensibilities  are  deadened  temporarily  by  anaesthetics,  less  seri- 
ous results  follow  the  loss  of  a  given  quantity  of  blood  than  when 
the  same  quantity  escapes  through  accident. 

Transfusion. — This  is  a  process  by  which  blood  is  conveyed 
from  one  animal  to  the  vascular  system  of  another.  It  was  shortly 
after  Harvey's  discovery  of  the  circulation  of  the  blood  that  this 
operation  was  first  practiced  by  Denis,  of  Paris.     He  transfused  with 
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sQCoees  the  Uood  of  a  lamb  into  that  of  a  man.  It  was  believed 
that  a  great  panacea  had  been  discovered  whereby  not  only  blood 
lost  by  haemorrhage  oonld  be  replaced,  but  a  cure  effected  for  many 
diseases  and  infirmities.  Subsequent  attempts  proved  such  miser- 
able failures  that  the  operation  was  abandoned  and  even  proscribed 
by  law.  More  than  a  century  later  it  was  revived,  but  only  after 
much  experimentation  upon  the  lower  animals. 

The  serum  of  certain  animals  possesses  the  property  of  disr 
sdnng  the  red  corpuscles  of  another  species  of  animals.  The  serum 
of  a  dog  destroys  the  red  corpuscles  of  man ;  the  haemoglobin  is 
diasolyed  out.  The  serum,  besides  its  action  on  the  red  corpuscles, 
is  also  active  against  the  white  corpuscles  of  the  same  animal,  stop- 
ping their  amoeboid  movements.  The  hsemolytic  action  of  the  serum 
is  related  to  its  poisonous  action  on  microbes.  The  normal  senun 
of  certain  animals  kills  microbes,  as  the  serum  of  the  dog  kills  the 
tjphoid  bacilli.  The  power  to  kill  red  corpuscles  and  microbes  is 
due  to  the  presence  in  the  serum  of  two  substances,  an  alexin  or 
complement  and  an  amboceptor.  In  transfusion  this  plays  an  impor- 
tant part. 

The  knowledge  gained  thereby  was  to  the  effect  that,  for  the 
operation  to  be  at  all  successfully  performed,  blood  of  the  same 
species  of  animal  should  be  used  as  the  one  on  which  it  is  performed. 
It  was  only  after  the  establishment  of  this  rule  that  it  appeared 
possible  to  determine  the  value  of  transfusion  and  to  make  applica- 
tion of  it,  with  some  degree  of  safety,  to  man. 

In  practice  there  are  two  kinds  of  transfusion:   (1)  blood  with 
fibrin;    (2)   blood  without  fibrin.     In   using  fibrinated   blood   the 
stream  is  passed  directly  from  the  blood-vessel,  either  artery  or  vein, 
into  that  of  the  patient.     Usually  the  peripheral  end  of  a  vein  of 
the  person  furnishing  the  blood  is  united  with  the  central  end  of  a 
rein  of  the  patient.    The  tubing  should  have  been  previously  filled 
with  a  normal  salt  solution  so  as  to  exclude  the  entrance  of  air  into 
the  circulation,  for,  if  sufficient  quantity  of  it  be  introduced,  it  will 
be  carried  to  the  right  side  of  the  heart,  where,  by  virtue  of  the 
heart's  action,  a  froth  will  be  generated,  the  bubbles  from  which, 
being  pimiped  into  the  pulmonary  arteries,  arrest  pulmonary  circu- 
lation and  cause  death.     The  danger  of  coagulation  is,  however,  very 
great. 

In  using  defibrinated  blood  the  shed  blood  is  first  whipped  in 
an  open  vessel  with  a  glass  rod  so  as  to  separate  the  fibrin ;  it  is 
then  filtered,  heated  to  the  temperature  of  the  body,  and  injected 
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very  slowly  into  a  vein  (usually  the  median  basilic)  in  the  direction 
of  the  heart.  Besides  giving  a  tendency  toward  intravascular  coagu- 
lation, there  is  also  danger  of  introduction  of  bacteria,  whose 
entrance  into  the  injected  blood  occurs  with  the  beating  ia  the 
process  of  defibrination. 

It  has  been  learned  that  the  most  serious  symptoms  of  rapid 
ha&morrhage  follow  the  sudden  diminution  in  the  amount  of  blood 
m  circulation,  accompanied  with  a  moderate  fall  of  blood-pressure. 
From  these  data  we  conclude  that  the  proper  measures  to  take  are 
to  replenish  the  amount  of  fluid  regardless  of  the  corpuscles  or  the 
soluble  nutrient  elements  of  the  plasma.  A  precaution  to  be  taken 
is  that  the  fluid  should  be  of  such  a  density  and  nature  that  no  dis- 
turbance in  the  vascular  system  be  generated. 

This  knowledge  has  led  to  the  manufacture  of  various  artificial 
solutions  for  infusion,  the  one  most  used  being  a  warm,  sterilized, 
physiological  salt-solution  (NaCl,  0.75  per  cent.)  ;  this  is  injected 
either  subcutaneously  or  into  any  exposed  vein. 

Transfusion  is  called  for  after  copious  haemorrhage  (acute  anae- 
mia), or  in  cases  of  poisoning  when  the  blood-corpuscles  are  no 
longer  capable  of  supplying  the  tissues  with  their  required  supply 
of  oxygen.  This  condition  is  particularly  prominent  in  carbon- 
monoxide  (CO)  poisoning. 

Plethora. — The  old  physicians  admitted  that  there  was  in  cer- 
tain individuals  of  sanguine  temperament  an  exaggerated  richness 
of  the  mass  of  blood  as  a  consequence  of  too  active  nutrition.  How- 
ever, it  is  impossible  to  verify  in  an  experimental  manner  if  the 
mass  of  blood  be  augmented.  Yet  plethora  is  usually  accompanied 
with  a  swelling  of  the  veins  and  arteries;  an  injection  of  raucous 
membrane ;  a  full,  hard  pulse ;  congestive  vertigo,  and  dyspnoea  from 
pulmonary  congestion.  Many  physicians  believe  that  there  is  no 
such  condition  as  too  much  blood  in  the  body,  unless  it  be  intro-  - 
duced  experimentally  by  transfusion.  The  above  symptoms  are 
explained  by  reason  of  an  increased  peripheral  circulation  at  the 
expense  of  the  more  central  one.  Nevertheless,  the  above-named 
symptoms  disappear  by  blood-letting,  which  would  seem  to  admit  the 
existence  of  plethora  to  a  certain  extent. 

An  experimental  plethora  may  be  induced  in  dogs  by  trans- 
fusion ;  so  that  the  blood  may  be  increased  from  80  to  100  per  cent, 
without  provoking  any  trouble.  The  injected  plasma  is  soon  gotten 
rid  of,  but  the  surplus  corpuscles  remain  for  a  long  time.  There 
is  also  believed  to  be  an  increase  in  the  number  of  red  corpuscles  in 
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those  persons  in  whom  for  any  reason  there  should  be  a  suppression 
of  periodically  recurring  haemorrhages,  as  in  menstruation  and  bleed- 
ing from  the  nose. 

Plethora  of  water,  or  hydrwmia,  follows  the  excessive  ingestion 
of  water.  The  condition  is  but  temporary,  however,  as  an  increased 
diuresis  rapidly  eliminates  the  excess  of  water. 

FnnctioiL  of  the  Blood. — Nourishment  is  carried  to  the  tissues 
and  waste  from  them  by  the  blood.  The  sameness  of  the  blood  in 
chemical  composition  must  always  be  maintained.  During  digestion 
the  white  corpuscles  increase,  but  they  soon  return  to  their  original 
number,  the  excess  of  corpuscles  being  retained  in  the  lymphatic 
tissues.  The  tissues  themselves  keep  the  composition  of  the  blood 
constant.  If  some  potassium  ferrocyanide  is  injected  by  the  vein 
into  a  dog  whose  ureters  have  been  previously  tied,  at  the  end  of 
three  hours  there  is  only  a  small  quantity  in  the  blood,  and  at  the 
end  of  twenty-four  hours  only  a  trace  of  it.  The  ferrocyanide  has 
passed  into  the  tissues.  Any  disease  of  the  kidneys  at  once  leads 
to  changes  in  the  molecular  composition  of  the  blood.  The  red 
corpuscles  carry  oxygen  to  the  tissues.  The  plasma  conveys  the 
carbonic  acid  combined  with  sodium  to  the  lungs.  The  white 
corpuscles  furnish  the  fibrin-ferment,  lysins  and  complements. 

MEDICO-LEQAL  TESTS  OF  THE  BLOOD. 

To  determine  that  a  substance  under  examination  and  inspec- 
tion is  blood  several  tests  are  employed : — 

First. — Teichmann^s  crystals,  or  hffimin  crystals,  are  a  product 
of  decomposition  of  the  coloring  matter  of  the  blood.  They  may  be 
prepared  by  the  addition  to  the  blood  of  glacial  acetic  acid  and 
sodium  chloride.  A  few  granules  of  dried  blood  with  a  few  granules 
of  salt  are  pulverized  on  a  glass  slide;  having  covered  the  powder 
with  a  glass  circle,  a  drop  of  the  acid  is  allowed  to  flow  under,  when 
the  slide  is  heated.  If  the  examined  substance  be  blood,  the  char- 
acteristic crystals  appear. 

Second. — The  Guaiacum  Test. — On  treating  a  solution  of  the 
coloring  matter  of  the  blood  with  an  alcoholic  tincture  of  guaiacum 
and  an  ethereal  solution  of  hydrogen  peroxide,  a  deep-blue  coloration 
is  produced,  due  to  oxidation  of  the  guaiacum  resin. 

Third. — ^The  Spectroscope  Test,  in  which  characteristic  bands 
appear. 

Fourth. — Careful  measurements  of  the  blood-corpuscles,  their 
diameter,  etc.,  by  means  of  the  microscope  and  photomicrographs. 
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Fifth. — The  Precipitix  Tkst. — Strong  rabbits  are  injected 
subcutaneously  wUh  5  cubic  centimeters  of  sterile  human  blood,  the 
injactions  being  repeated  every  two  or  five  days,  depending  upon  the 
condition  of  the  test  animal.  The  occurrence  of  a  rise  of  tempera- 
ture above  101**  F.  or  a  decided  loss  in  weight  are  considered 
counter-indications  to  further  injections  until  after  this  reaction  has 
subsided.  It  is  better  to  give  injections  of  only  5  cubic  centimeters 
each  and  always  with  great  care  as  to  asepsis,  siiice  abscesses  often 
develop  at  or  near  the  site  of  puncture.  Usually  20  to  30  cubic 
centimeters  make  a  sufficient  quantity  for  the  average-sized  rabbit, 
and  with  due  care  a  specific  anti-serum  can  always  be  produced  in 
from  three  to  four  weeks.  After  a  sufficient  quantity  of  blood  has 
been  injected  to  insure  obtaining  an  anti-serum,  the  rabbit  is  chloro- 
formed, the  chest-cavity  opened,  and  the  blood  drawn  from  the  heart 
into  a  sterile  receptacle  by  means  of  a  sterile  trocar  and  cannula. 
The  drawn  blood  is  placed  in  an  icebox  for  one  hour  until  well  coag- 
ulated. Carbolic  acid  is  now  added  to  the  serum,  which  has  separ- 
ated sufficiently  to  make  the  mixture  approximately  0.6  per  cent, 
acid.  The  serum  is  then  drawn  up  into  sterile  pipettes  and  sealed. 
It  will  remain  potent  indefinitely  if  kept  at  a  low  temperature. 

The  test  is  made  as  follows :  A  given  amount  of  the  test-serum 
is  diluted  to  the  desired  extent  with  sterile  water  or  normal  saline 
solution.  To  a  few  cubic  centimeters  of  this  diluted  solution  in  a 
sterile  test-tube  is  added  an  equal  quantity  of  a  similarly  diluted 
solution  of  the  blood  to  be  tested  and  the  tube  left  at  room  tempera- 
ture or  placed  in  an  incubator  for  two  or  three  hours  at  37**  C.  The 
reaction,  if  it  occurs,  will  be  more  rapid  and  marked  if  the  tube  is 
exposed  to  the  higher  temperature.  If  the  dilution  be  sufficient  the 
reaction  will  not  occur  at  room  temperature.  If  the  test-serum  is 
used  undiluted  and  pure  human  blood  is  added  to  it,  the  reaction  is 
immediate. 

If  only  the  sample  of  blood  to  be  tested  is  diluted  and  pure  test- 
serum  is  used,  the  reaction  is  almost  immediate.  The  reaction  is 
marked  by  a  turbidity  of  the  solution,  becoming  constantly  more 
intense.  If  an  old  stain  is  to  be  examined  by  the  serum  test  the 
material  containing  it  is  washed  in  sterile  water  or  in  sterile  normal 
saline,  the  mixture  is  repeatedly  filtered  and  finally  added  to  some 
of  the  test-senmi,  as  in  the  examination  of  fresh  blood  already 
described. 

Contamination  with  monkey  blood  can  be  excluded  first  by  a 
great  dilution  of  the  blood  tested,  and  a  dilution  of  the  test-serum 
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of  1  to  500,  with  incubatiou;  secoud^  by  a  gruut  diluiiou  of  the  blood 
tested,  the  test-serum  being  used  pure  and  the  test  made  at  room 
temperature. 

IMMUNITY. 

Normal  sera  may  contain: — 

1.  Antiferments  (blood-serum  prevents  the  ferments  from  act- 
ing as  trypsin  on  proteids  or  a  mixture  of  pancreatic  juice  and 
enterokinase,  because  the  kinase  is  neutralized). 

2.  Antitoxins. 

3.  Cytotoxins  (cell-destroyers  include  hjcmolysins.  These  bodies 
are  composed  of  complement  and  an  immune  body  or  amboceptor). 

4.  Agglutinins. 

5.  Precipitins. 

ZYM0IDS.1 

There  are  a  certain  number  of  substances  contained  in  the  cul- 
tures of  microbes  which  may  be  in  the  liquids  of  the  organism,  and 
notably  in  the  blood-serum  of  normal  animals  and  in  animals  vacci- 
Mted  against  certain  microbes  or  their  filtered  cultures,  which  have, 
vith  the  fermentSy  a  certain  number  of  common  properties.     Such  bodies 
are  the  microbian  toxins,  the  venoms  of  serpents,  the  antitoxins,  the 
agglutinins,  the  precipitins,  tlie  bacteriolysins,  the  hsBmolysins,  etc. 
Because  of  certain  analogies  to   enzymes,   they   have   been   called 
en2}Tnoids.      Toxins    are    the    nonalkaloidal    poisons    produced    by 
microbes  or  secreted  by  the  animal  or  vegetable  cell.     These  toxins 
are  divided  into  two  kinds:    (1)  the  toxalbumins,  cellular  secretions 
destroyed  by  heat  at  70°  C,  but  not  coagulating;   they  do  not  act 
except  after  a  period  of  incubation,  always  long,  as  the  toxins  of 
diphtheria,  of  tetanus,  etc.;    (2)  the  toxproteins,  derived  from  cells 
coagulating  by  heat,  acting  upon  the  organism,  and  acting  without 
a  period  of  incubation ;  these  are  the  venoms,  the  proteins  of  plague 
and  cholera.     We  have  also  vegetable  toxalbumins,  as  abrin  from 
jequirity,  ricin  from  castor-oil  seeds,  rubin  from  the  extract  of  the 
bark  of  the  acacias.     These  bodies  are  zymoids.     The  toxalbumins 
always  have  a  period  of  incubation.     The  phenomena  shown  are  all 
physiological  phenomena;  an  infinitely  small  quantity  of  toxalbumin 
is  able  to  cause  phenomena  infinitely  great.     We  should  remember 
that  certain  microbian  products,  as  tuberculin  or  mullein,  resist  the 
prolonged  action  of  100®  C.  without  alteration. 


*  In  the  preparation  of  this  article  I  have  drawn  on  Arthun,  "Chemie 
Physiologique.** 
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The  toxalbumius  and  venoms  have  other  common  biological 
properties. 

ANTITOXINS. 

It  is  possible^  by  repeated  injections  of  toxalbmnins  or  venoms 
in  increasing  doses^  to  immunize  the  animal  against  the  toxic  action 
of  doses,  a  thousand  times  mortal,  of  the  toxalbumin  or  venom.  The 
immune  animals  furnish  an  antitoxic  serum.  The  toxalbumins  or 
venoms  when  swallowed  are  harmless;  injected  under  the  skin,  very 
active.  Like  the  ferments,  the  toxins  are  destroyed  by  a  relative 
low  temperature,  about  70**  C.  They  are  precipitated  by  alcohol,  and 
they  dialyze  with  difficulty.  If  in  a  test-tube  you  mix  the  toxin  and 
the  antitoxic  serum  in  proper  proportions,  the  mixture  is  harmless 
to  the  animal  when  injected,  but  this  countereflfect  requires  a  cer- 
tain time  for  its  accomplishment.  These  facts  show  that  the  anti- 
toxins resemble  ferments ;  that  is,  they  are  soluble,  precipitable,  and 
dialyze  like  enzymes,  but  are  not  enzymes.  The  basis  of  Ehrlich's 
theory  is  that  poison  and  counterpoison,  toxin  and  antitoxin,  directly 
combine  in  any  given  quantity. 

The  stable  benzene  ring  and  the  less  stable  side-chains  of  the 
benzene  derivatives  suggested  to  Ehrlich  that  living  cells  also  con- 
sist of  a  stable  center  and  less  stable  side-chains.  The  side-chains 
enable  the  cell  to  form  chemical  combinations  with  foodstuffs  and 
other  bodies  that  have  atom  groups  having  a  chemical  affinity  with 
the  atom  groups  in  the  side-chains. 
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Ehrlich  showed  further  that  for  each  poison  one  can  develop  a 
counterpoison  by  the  process  of  immunizing,  which  has  two  groups 
which  are  concerned  in  the  combination  with  the  counterpoison  or 
antitoxin.  One  of  these,  the  haptophore  group,  is  the  combining 
group  proper;  the  other,  the  toxophore  group,  is  the  carrier  of  the 
poison.     A  poison  molecule  might  lose  the  one,  the  toxophore  group, 
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and  istill  be  uapabk-,  by  iiieans  of  its  liaptopliore  group,  of  eoiiibining 
with  antitoxin.  For  a  poison  to  be  toxic  to  an  organism — that  is, 
in  order  that  the  toxophore  group  be  able  to  act  destructively  on  a 
cell — it  is  necessary  for  the  liaptophore  group  of  the  poison  to  com- 
bine with  the  cell.  The  side-chains  are  able  to  combine  with  the 
greatest  variety  of  foreign  substances  and  convert  them  into  nour- 
ishment suitable  to  the  requirements  of  the  active  central  body. 
These  side-chains  are  comparable  to  the  pseudopodia  of  the  amtcba 
which  engulf  food  particles  and  assimilate  the  same  for  the  imme- 
diate use  of  the  organism.  In  order  that  any  substance  may  com- 
bine with  these  side-chains,  it  is  necessary  that  certain  very  definite 
relations  exist  between  the  combining  group  of  the  substance  and 
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that  of  the  side-chain.'    The  relation  must  be  that  of  lock  and  key; 
that  is,  the  two  groups  must  fit  accurately. 

AQOLUTININS. 

If  we  cultivate  a  vibrio  of  cholera  upon  gelatin,  and  after 
twenty-four  hours  put  tlie  culture  in  a  saline  solution  1  to  100,  we 
obtain  a  homogeneous  and  stable  emulsion,  in  which  the  vibrios 
retain  their  activity.  If  to  this  emulsion  wc  add  a  small  quantity 
of  blood-serum  {of  a  rabbit  or  guinea-pig)  strongly  immunized 
against  the  vibrio  of  the  emulsion  by  the  intra-peritoneal  injection, 
we  will  see  under  the  microscope  that  the  vibrios  lose  their  mobility 
and  unite  in  masses  of  greater  or  less  size,  agglutinate,  so  to  speak. 
This  agglutination  augments  until  the  mass  becomes  voluminous. 
This  agglutination  is  not  a  necessary  result  of  the  vitality  of  the 
vibrios;  it  is  just  as  easily  produced  with  emulsions  of  dead  vibrios. 
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The  agglutinating  serum  acts  most  energetically  at  55  or  60^  C. 
The  active  substance  in  the  serum  is  precipitated  by  alcohol^  it  is 
not  destroyed  by  drying  at  a  low  temperature^  and  it  dissolves  in 
water  and  glycerin.  These  are  the  properties  also  of  enzymes.  The 
active  substance  here  is  agglutinin.  Widal  Reaction. — ^The  typhoid 
patient^s  serum  gives  an  agglutinating  serum  for  homogeneous  cul- 
tures of  the  typhoid  bacillus. 

PRECIPITINS— TSCHISTOVITCH-UHLENHUTH  TEST. 

When  you  inject  under  the  skin  or  into  the  peritoneum  of  an 
animal  a^  of  species  A,  some  cubic  centimeters  of  blood-serum  of 
species  B,  and  repeat  the  injection  four  or  five  times  in  the  space 
of  five  or  six  days^  we  find  that  blood-serum  of  the  animal  a  has  the 
property,  when  mixed  with  the  serum  of  the  animal  of  species  B,  to 
cause  a  fine  precipitate  at  the  bottom  of  the  mixture.  If  in  place 
of  the  injection  of  blood-serum,  under  the  same  conditions  we  inject 
the  albuminoid  substances  of  the  serum  separated  by  precipitation 
by  ammonium  sulphate  and  dissolved  in  saline  1  to  100,  we  find  that 
the  serum  of  a  has  acquired  the  property  of  precipitating  the  serum 
of  the  animal  of  the  species  B  as  before.  This  fact  is  used  to 
determine  human  blood  by  injecting  the  serum  of  human  blood  into 
rabbits  or  dogs.  We  thus  obtain  precipitants  for  human  blood,  a 
medico-legal  test.  This  precipitate  is  destroyed  by  heat  over  100** 
C;  it  is  not  destroyed  by  drying  at  a  low  temperature;  it  is  soluble 
in  water;  it  is  precipitated  by  alcohol  and  by  the  salts  precipitating 
globidins.    Tbese  are  the  properties  of  enzymes.    It  may  be  a  zymoid. 

CYTOTOXINS. 

As  to  cytotoxins,  we  have  seen  in  transfusion  that  blood  foreign 
to  an  animal  dissolves  its  corpuscles  (or  cells);  hence  are  called 
haemolysins.  The  leucotoxins  dissolve  white  blood-corpuscles.  The 
haemolysins  act  by  separating  the  haemoglobin  from  the  stroma  of 
the  blood-corpuscles,  making  blood  "laky.**  In  fundamental  charac- 
ters the  ha&molysins,  both  natural  and  artificial,  correspond  to  the 
bacteriolysins. 

If  you  introduce  into  the  peritoneal  cavity  of  a  guinea-pig, 
which  is  strongly  immunized  against  a  vibrio  of  cholera,  an  emulsion 
of  this  vibrio  obtained  by  putting  into  a  saline  solution,  1  to  100, 
a  24-hour  culture  of  the  cholera  vibrio  upon  gelatin,  it  will  be  found, 
on  withdrawing  a  little  of  the  peritoneal  fluid,  after  half  an  hour, 
that  the  vibrios  injected  have  lost  their  motion,  are  transformed  into 
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lumps,  and  are  broken  up  into  granules.     This  is  known  as  the  ph< 
uomenon  of  Pfeiffer.     This  property  of  the  serum  of  a  vaccinated 
mumal  ia  diie  to  the  presence  of  a  substance,  a  bacteriolysin,  ojr  lyain, 
or  cytoiysin;   the  complement  and  the  intermediary  body  make  up 
the  cytolysin. 

It  has  been  demonstrated  that  the  bacteriolytic  cholera-serum 
contains  two  distinct  substances,  acting  one  after  the  other  in  the 
bacteriolysis,  one  substance  destroyed  below  60°  C.  and  existing  in 
normal  serum  as  well  as  in  cholera-^erum,  and  another  substance 
recasting  a  temperature  of  60°  C.  and  not  existing  except  in  the 
cholera-fierum.  The  specific  substance  has  been  called  a  thermostable 
substance,  because  it  resists  a  temperature  of  60°  C;  and  a  sen- 
sitizing substance,  because  it  renders  the  microbe  sensitive  to  the 
action  of  normal  serum ;  also  an  immunizing  substance  or  mediator, 
sensitizer,  amboceptor,  intermediary  body,  because  it  exists  in  the 
t»erum  of  animals  immunized  against  the  microbe.  The  common 
substance  contained  in  the  normal  serum  has  been  called  a  ther- 
molabile  substance,  because  it  is  destroyed  at  60°  C;  and  because 
it  completes  the  action  of  immunizing,  it  is  known  as  a  comple- 
mentary substance,  complement,  or  alexine,  or  cytase. 

We  have  seen,  in  injecting  an  animal  a  of  species  A,  that  the 
red  blood-corpuscles  coming  from  the  animal  of  another  species,  By 
will  cause  a  specific  agglutinin  to  appear  in  the  serum  of  the  animal 
injected,  a.  But  there  appears  at  the  same  time  also  a  hsemolysin. 
After  having  agglutinated  the  red  corpuscles  of  an  animal  of  the 
species  B,  the  serum  of  the  animal  a  dissolves  them,  or,  to  speak 
more  exactly,  hreaks  the  union  of  their  stroma  with  their  hsBmo- 
globin,  and  the  latter  passes  in  solution  into  the  surrounding  fluid. 
It  has  been  shown  that  hsemolysin  is  specific  and  does  not  act  except 
on  the  red  corpuscles  of  the  species  B,  which  has  served  for  the 
preparatory  injections.  It  has  been  found  that  haemolysis,  like 
bacteriolysis,  is  accomplished  in  two  periods  of  time;  that  the 
hsemolysins,  like  the  bacteriolysins,  are  formed  of  two  substances,  an 
intermediary  body  or  amboceptor,  and  a  complement  or  alexin.  The 
specific  substance  is  amboceptor,  the  alexin  is  the  same  common 
complement  or  alexin  which  acts  upon  the  various  sensitized  bacteria. 
Take  an  illustration  in  which  the  characters  are  reversed.  We  may 
regard  the  pepsin  in  artificial  digestion  as  the  amboceptor,  and  the 
acid  as  the  complement.  The  pepsin  or  amboceptor  occurs  only  in 
immune  serum,  while  the  acid,  which  may  be  hydrochloric  or  phos- 
phoric, corresponds  to  the  complement  found  in  a  variety  of  serums. 
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The  lock  and  key  simile  of  E.  Fischer  affords  perhaps  the  best 
analogy.  The  lock  is  the  cell^  the  key  is  the  amboceptor,  and  the 
hand  which  turns  the  key  is  the  complement.  The  macrophages  attack 
the  xanthocytes^  or  large  animal  cells^  and  malarial  parasites.  The 
microphages  prefer  the  bacteria  of  acute  diseases.  The  complement 
occurs  in  normal  animals^  the  amboceptor  is  developed. 

Haemolysins  are  derived  from  the  leucocytes.  Bacteriolysins 
are  contained  in  the  euglobulin  fraction  of  the  serum. 

Enterokinase  acts  like  an  amboceptor,  uniting  the  red  corpuscles 
of  the  blood  to  ti7psinogen,  which  behaves  like  a  complement  and 
dissolves  the  red  blood-corpuscles. 

The  toxic  action  of  cobra-poison  upon  red  blood-corpuscles 
depends  upon  the  combination  of  amboceptors,  intermediary  bodies 
contained  in  the  venom,  with  corresponding  complements  contained, 
not  in  the  venom,  but  in  the  cells  or  fluids  of  the  animal  acted  upon. 
Kyes,  working  with  cobra-venom  iound  an  endo  complement  con- 
tained in  the  red  corpuscles  themselves.  Kyes  also  found  that 
lecithin  is  capable  of  combining  with  venom  intermediary  and  thus 
completing  the  haemolytic  potency  of  venom.  Here  is  a  cytotoxin 
formed  of  an  intermediary  body  and  a  definite  crystallizable  sub- 
stance uniting  with  it,  thus  acting  as  a  complement.  Here  we  have 
a  poison  in  our  own  body,  only  needing  the  intermediary  body  of 
the  venom  to  act  upon  us.  Snake-poison  only  contains  one-half  of 
the  complete  poison.  Rattlesnake-poison  has  been  found  by  Flexner 
and  Noguchi  also  to  contain  another  cytotoxin  which  has  the  power 
to  dissolve  endothelial  cells,  an  endotheliallysin. 

It  is  an  important  function  of  the  mother  to  transfer  to  the 
suckling,  through  her  milk,  immunizing  bodies,  and  the  infant's 
stomach  has  the  capacity,  which  is  afterwards  lost,  of  absorbing  these 
substances  in  the  active  state.  The  relative  richness  of  the  suckling's 
blood  in  protective  antibodies,  as  contrasted  with  the  artificially  fed 
infant,  explains  the  greater  freedom  of  the  former  from  infectious 
disease. 

OPSONINS. 

There  is  in  normal  serum  a  substance  which  so  acts  upon  bac- 
teria as  to  render  them  susceptible  of  being  devoured  by  the  leuco- 
cytes. In  some  way  serum  stimulates  phagocytosis  by  making  the 
bacteria  more  susceptible  of  being  absorbed  by  leucocytes.  This 
substance  in  the  serum  has  been  denominated  by  Wright  and 
Douglass,  opsonin  (feast-preparer). 


CHAPTER  VI. 

THE   CIRCULATION. 

In  animals  above  the  very  lowest  grades,  as  also  in  plants,  there 
exists  a  particular  liquid  (nutritive  fluid,  blood,  sap),  which  is  agi- 
tated into  a  circular  or  simply  oscillating  movement.  By  reason 
of  this  movement  it  is  permitted  to  reconstitute  itself  unceasingly, 
to  distribute  the  materials  of  nutrition  to  the  difiEerent  parts  of  the 
organism,  and  at  the  same  time  carry  away  some  effete  products. 

In  the  lowest  orders  of  animal  life,  as  the  amoebae  and  infusoria, 
where  no  special  organs  are  manifest  and  no  part  therefore  has 
needs  differing  from  any  other,  there  is  found  no  circulatory  sys- 
tem— ^no  heart  or  propelling  body  or  any  blood-vessels.  Its  life 
depends  upon  diffusion  throughout  its  parenchyma  of  substances 
brought  from  without  and  of  those  which  must  be  excreted.  It  is 
only  as  special  organs  show  themselves  and  the  liquids  take  deter- 
mined directions  toward  one  or  another  of  them,  that  blood-vessels 
are  seen  to  commence;  these  at  the  same  time  become  the  recep- 
tacles of  products  absorbed  for  the  purposes  of  nutrition  and  the 
distributors  of  these  same  materials  to  the  various  tissues  of  the 
organism. 

It  is,  therefore,  from  complex  organisms  that  the  idea  of  a 
perfect  circulation  is  gained,  with  its  admirable  mechanism  for 
incessant  movement  whereby  the  fluid  necessary  for  its  growth, 
functions,  and  individual  life  is  forced  to  every  part.  Viewed  as 
a  whole,  the  vascular  system  of  the  higher  animals  forms  a  system 
of  branching  vessels  or  canals,  closed  in  all  parts,  and  not  showing 
at  any  point  in  their  course  the  least  perceptible  orifice  of  com- 
munication with  the  external  world.  Consequently,  the  fluids 
which  have  to  penetrate  into  the  closed  channels  of  circulation,  as 
well  as  those  which  have  to  emerge  from  them  for  the  needs  of 
gecretion  and  nutrition,  only  do  so  by  passage  through  the  vascular 
walls;  that  is,  through  the  finest  filters  imaginable. 

At  a  variable  point  in  this  tubular  apparatus  there  exists  an 
organ  of  propulsion,  the  heart,  which  is  seconded  in  its  work  by 
auxiliary  means  and  forces  which  aim  to  give  a  determined  and 
constant  direction  to  the  movement  of  the  circulatory  fluid. 
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And  where  there  is  a  circulatory  system  there  is  present  some 
means,  composed — ^in  the  great  majority  of  cases — of  muscle,  for 
the  impulsion  of  the  circulatory  fluid  to  every  part  of  the  organism. 
Whenever,  in  animal  organisms,  there  is  transformation  of  energy       i 
into  motion  or  mechanical  work,  it  may  nearly  always  be  attributed 
to  muscle.     So  that  in  the  higher  forms  of  animals  there  exist  one 
or  more  rhythmically  contractile  organs — for  the  most  part  mus- 
cular in  nature — to  which  is  attributed  the  task  of  maintaining  ^ 
definite  circulation. 

Comparative. — Among  insects  and  the  lower  orders  of  crustac^B 
the  heart,  if  such  it  may  be  called,  is  simply  the  contractile  dors^^ 
blood-vessel;    among  the  higher  crustacea,  as   the   lobster,   ther*^ 
exists  dorsally  a  well-defined  muscular  sac.     Among  the  invert^^^ 
brates  in  general  the  blood  passes  from  the  arteries  into  irregula,  ^ 
spaces,  known  as  lacunae,  which  are  situated  in  the  tissues  and 
which  it  finds  its  way  back  into  the  veins  to  terminate  in  the  hea 
for  the  completion  of  its  cycle.     That  interesting  creature,  th 
amphioxus,    the    lowest   of    the    vertebrates,    possesses    a    primitive^ 
lacunar  vascular  system.     Its  contractile  dorsal  vessel  serves  as  ita- 
systemic  heart;   a  ventral  vessel  serves  as  a  respiratory  heart,  ves- 
sels proceeding  from  it  to  the  gills.     Fishes  contain  only  a  respira- 
tory heart,  which  sends  blood  to  the  gills  for  aeration.     It  consists 
of  a  venous  sinus,  an  auricle,  and  a  ventricle.     From  the  gills  blood 
finds  its  way  to  the  aorta,  to  be  distributed  throughout  the  tissues 
without   any   further  impulsion.     Among  the   amphibians,   as   the 
frog,  there  are  found  two  auricles  and  a  single  ventricle.     Beptiles 
possess  two  auricles  with  two  ventricles,  though  the  latter  are  but 
incompletely   separated.     Among   birds   and   mammals   there   is  a 
heart  which  serves  a  double  purpose — it  sends  blood  to  the  lungs 
for  aeration,  to  the  body  in  general  to  serve  the  needs  of  its  various 
tissues.     The  passage  of  the  blood  to  the  lungs  is  accomplished  by 
the  right  auricle  and  ventricle  and  is  known  as  the  pulmonary  sys- 
tem.    That  going  to  the  tissues  of  the  body  is  propelled  by  the  left 
auricle  and  ventricle  to  constitute  the  systemic  system. 

THE  CIRCULATORY  SYSTEM. 

This  system  has  for  its  distinctive  function  the  propulsion  of 
the  blood  to  every  part  of  the  economy.  It  is  a  closed,  vascular 
apparatus  consisting  of  an  impelling  agency,  or  pump,  with  an  out- 
going and  incoming  system  of  vessels.  The  central  pumping  organ 
is  the  heart,  from  which  proceed  the  vessels  that  carry  the  blood 
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from  the  heart  to  the  various  organs  and  parts  of  the  body — the 
arteries — and  the  vessels  returning  the  impoverished  blood  to  the 
right  side  of  the  heart — the  veins.  Connecting  the  smallest 
arterioles  and  the  fine  radicals  of  the  beginning  veins  is  a  network 
of  microscopical  vessels,  large  enough  in  many  places  to  admit  of 
but  8  single  row  of  corpuscles  and  whose  walls  are  composed  of  a 
single  layer  of  endothelial  cells;   these  are  the  capillariee. 

THE  HEART. 

The  heart  is  a  hollow,  cone-shaped  organ  of  muscle.  It  is  situ- 
ated in  the  cavity  of  the  thorax,  inclosed  by  a  serous  sac:  the  peri- 
cardium. It  lies  between  the  lungs,  rests  on  the  diaphragm,  and 
is  located  more  on  the  left  than  on  the  right  side.  It  is  placed 
obliquely;  its  broad  end,  or  base,  by  attachments  to  the  blood- 
vessels, is  fixed  to  the  front  of  the  vertebral  column.  The  base  of 
the  heart  extends  from  the  fourth  to  the  eighth  dorsal  vertebra. 
The  apex  is  inclined  downward,  forward,  and  to  the  left,  where  it 
terminates  just  behind  the  interval  between  the  fifth  and  sixth  ribs, 
%  inch  to  the  inner  side  of  and  1%  inches  below  the  nipple.  The 
heart  is  5  inches  in  length;  in  breadth,  3^  inches;  and  in  thick- 
ness, 2^  inches. 

The  heart  is  brovim  in  color,  and  on  its  surface  has  a  longi- 
tudinal and  a  transverse  groove,  which  shows  a  division  of  the  organ 
in  four  parts:  the  two  auricles  and  two  ventricles.  The  heart 
increases  in  all  dimensions  up  to  a  late  period  in  life,  thus  aug- 
menting its  weight.  The  auricles  are  cavities  having  thin  walls. 
The  base  of  the  heart  is  formed  by  the  auricles.  A  partition 
separates  them  and  they  are  connected  with  the  great  veins, — the 
cavae  and  pulmonary  veins, — ^by  which  they  receive  blood  coming 
from  every  portion  of  the  system.  The  aperture  of  communication 
between  the  auricles  and  ventricles  is  the  auriculo-ventricular  open- 
ing, which  permits  the  blood  to  leave  the  auricle  to  enter  the  ven- 
tricle, but  valves  prevent  it  from  running  back  into  the  auricle. 
The  thick-walled  parts  of  the  heart  are  the  ventricles,  which  become 
thicker  in  the  direction  of  the  apex.  Like  the  auricles,  they  are 
separated  by  a  partition  and  connected  with  the  large  arteries, — the 
pulmonary  artery  and  aorta, — by  which  they  send  blood  to  the 
entire  system.  Both  ventricles  have  valves  called  aortic  and  pul- 
monary, which  prevent  the  reflow  of  the  blood  from  the  arteries 
into  the  ventricles. 

The  right  auricle  consists  of  an  oblong  part,  the  sinus.     The 
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niuuerouB  projecting  ridges  in  the  right  ventricle  which  are  muscles 
called  the  columnse  carneae.  Some  of  them  are  named,  from  their 
shape,  the  papillary  muscles,  which  project  from  the  interior  surface 
of  the  ventricle  and  end  in  narrow  tendinous  cords  called  the  chords 
tendinese. 

The  right  auricido-ventricular  orifice  opens  into'  tiie  ventricle 
at  its  lower  back  part.  From  its  edges  projects  a  broad,  membran- 
ous fold  divided  into  three  parts  and  hence  called  the  tricuspid, 
whose  free  borders  are  attached  by  the  chordae  tendineae  to  the 


Fig.  64. — Diagram  of  Mammalian  Heart.     (Beolabd.) 

a,  Left  ventricle,  h,  Right  ▼entride.  e,  Jjett  auricle,  d.  Right  auricle. 
f.  Aorta,  g,  g,  Pulmonanr  arteries.  A,  Inferior  vena  caTa.  i,  Superior  rena 
rava.  k.  Orifice  of  superior  yena  cava.  I,  Orifice  of  Inferior  Yena  cava,  m. 
Orifice  of  the  coronary  vein,  o.  Left  pulmonary  vein,  p.  Right  pulmonary  vein, 
r.  Orifice  of  the  right  pulmonary  vein.    «,  Orifice  of  the  left  pulmonary  vein. 

papillary  muscles  and  to  other  points  on  the  interior  surface  of  the 
ventricle.  When  the  valve  is  open  the  three  parts  lie  against  the 
interior  surface  of  the  ventricle.  The  duplicature  of  the  endo- 
cardium with  included  fibrous  tissue  makes  up  the  tricuspid  valve 
and  the  chordae  tendineae.  The  pulmonary  artery  springs  from  the 
base  of  the  right  ventricle.  Its  opening  is  provided  with  three 
semilunar  valves.  These  valv«s  are  three  crescentric  doublings  of 
the  endocardium  with  fibrous  tissue  and  are  arranged  in  a  circle. 
Their  convex  border  is  attached  around  the  edge  of  the  orifice  of 
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the  ftrten'.  Behind  each  valve  the  artery  is  ililatcd  into  a  shallow 
pnuch,  called  the  tiiniis  of  ValHalva,  which  prevents  the  valve,  when 
open,  from  adhering  to  the  side  of  the  artery  and  permits  the  reflow 
of  blof>d  to  readily  press  the  valve  down  to  close  the  opening.  At 
the  middle  of  the  free  border  of  the  valve  there  is  a  thickening  of 
fibrous  tissue,  making  the  corpora  Arantii.  The  left  ventricle  is 
three  times  the  thickness  of  the  right,  and  its  apex  forms  the  spex 
of  the  heart.  It  is  longer  and  forms  more  of  the  posterior  surface 
of  the  heart  than,  the  right  ventricle.  Like  the  right  ventricle,  it 
has  columns  camese,  papillary  mnseleo,  and  chorda:  teudineae. 


Fig.  CS.— Valvet  of  Heart. 

The  left  auriculo-ventricular  valve  is  provided  with  a  pair  of 
membranous  folds  forming  the  mitral  valve,  or  bicuspid  valve.  It 
ix  larger  in  size  and  thicker  than  the  right  auriculo-ventricular 
valve.     These  mitral  segments  have  the  chords  tendineee  attached. 

The  left  ventricle  has  an  opening  which  la  the  origin  of  the 
great  blood-vessel,  the  aorta.  It  is  provided  with  semi-lunar  or 
sigmoid  valves,  of  the  same  character  as  those  of  the  pulmonar>' 
arteiy. 

Stmctnre  of  the  Heart. 

The  lining  membrane  of  the  heart  is  called  the  endocardium. 
All  the  valves  of  the  heart  are  made  up  by  its  inclosing  fibrous 
tissue.     The  endocardium  is  formed  of  epithelium  and  fibro-elastic 
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tissue.     The  rings  to  which  the  valves  are  attached  are  also  made 
of  endocardium  and  fibro-elastic  tissue. 

Muscular  Structure  of  the  Heart.    . 

The  muscular  fibers  of  the  auricles  consist  of  two  layers  run- 
ning in  different  directions.  The  external  fibers  are  common  to 
both  auricles,  whilst  some  run  into  the  interauricular  septum.  The 
internal  fibers  are  not  common  to  both  auricles,  but  are  confined  to 
each  auricle.  The  fibers  of  the  internal  layer  are  attached  to  their 
respective  auriculo-ventricular  rings.  The  external  fibers  run  in  a 
transverse  direction;  the  internal  fibers  cross  the  direction  of  the 
former.  There  are  other  muscular  fibers,  arranged  concentrically 
around  the  origin  of  the  great  veins  and  auricular  appendages. 

In  the  ventricles  there  are  several  layers  of  muscles.  The 
outer  layer  runs  from  the  base,  where  they  are  attached  to  the  fibro- 
cartilaginous rings  around  the  orifices  toward  the  apex  of  the  heart, 
where  they  run  by  a  sharp'twist  into  the  interior  of  the  left  ven- 
tricle to  the  papillary  muscles.  This  twisting  of  the  fibers  gives 
rise  to, the  whorl  of  the  fibers  at  the  apex  of  the  heart.  Other 
fibers  run  obliquely  upward  in  the  septum  to  be  attached  to  the 
fibro-cartilaginous  ring,  from  which  they  started.  Still  other  fibers 
pass  in  a  horizontal  direction  into  the  posterior  wall  of  the  left 
ventricle  and  take  a  ring-like  course  in  it. 

W.  G.  MacCallum  found  beneath  the  superficial  fibers  thicker 
fibers  which  form  three  flat  bands  running  in  the  form  of  a  scroll 
from  one  ventricje  through  the  septum  into  the  other. 

The  right  ventricle  in  the  arrangement  of  its  muscular  fibers 
may  be  regarded  as  an  appendage  of  the  left. 

Histology. — ^The  fibers  of  the  heart  arc  striated.  TJnlike  the 
voluntary  muscle,  they  branch  and  have  their  ends  united  to  each 
other  so  as  to  form  a  network.  The  open  space  in  the  network  is 
filled  with  connective  tissue  and  lymphatics.  The  muscle-cells  are 
quadrangular  in  shape,  with  clear  oval  nuclei.  There  is  no  sar- 
colemma  in  heart-muscle.  The  muscles  of  the  heart  anastomose 
and  divide.  As  to  lymphatics,  the  heart  is  very  liberally  supplied 
with  them.  The  nerves  are  nonmedullated  near  their  ends.  The 
muscular  mass  of  the  heart  is  called  the  myocardium. 

Gibson*,  in  a  histological  study  of  the  auricular  muscles  of  the 
heart,  found  three  kinds  of  tissue:  (1)  those  related  to  smooth  mus- 


*  Rrilish  Mtnlienl  Journal,  January  16,  1909. 
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The  pressure  in  the  auricles  is  lowest  at  the  period  of  diastole, 
and  since,  then,  the  pressure  in  the  veins  is  greater  than  the  pres- 
sure in  the  auricles,  there  is  a  flow  of  blood  into  the  auricles,  which 
gradually  becomes  less.  When  the  ventricles  dilate,  another  fall  in 
the  auricular  pressure  takes  place  and  another  rush  of  blood  follows. 
The  opening  of  the  great  veins  is  contracted,  and  this  act,  preceding 
the  contraction  of  the  auricle,  drives  the  blood  from  the  veins  into 
the  auricles.  When  the  auricles  contract,  the  blood  cannot  flow  back 
into  the  veins  to  any  great  extent. 

The  Ventricles. — The  ventricles  represent  the  parts  that  are 
really  active  in  the  cardiac  circulation.  The  strength  of  the  con- 
tractions proper  to  the  two  ventricles  reveals  itself  in  the  thickness 
of  the  muscular  walls,  the  fibers  of  which  are  inserted  into  fibrous 
rings.  These  latter  are  the  veritable  skeleton  of  the  heart.  Mano- 
metric  observation  presents  us  with  proof  of  the  force  of  the 
rentricular  contractions. 

GENERAL  COURSE  OP  THE  CIRCULATION. 

Since  the  main  points  of  the  anatomy  of  the  heart  have  been 
touched  upon,  it  might  be  well  at  this  stage  roughly  to  consider  the 
circuit  of  the  blood  through  it  and  its  vessels.  The  vascular  system 
i>  a  closed  apparatus  consisting  of  a  central  pump  with  its  vessels 
leading  to  every  part  and  organ  of  the  economy.  All  vessels  lead- 
intf  away  from  the  heart  are  arteries;  those  leading  toward  it  are 
reins. 

The  entire  circuit  of  the  blood  is  divided  into  two  principal 

portions,  which   are   distinctly  separated   from   one   another   both 

anatomically  and  functionally.     The  one  conveys  the  blood  to  and 

from  the  lungs  during  the  process  of  aeration;    so  that  to  it  has 

been  aflixed  the  term  pulmonary  cireulatioti.     The  other  has  for  its 

function  the  distribution  of  the  blood  to  all  parts  and  organs  of 

the  economy  in  general,  thereby  receiving  the  name  systemic  cir- 

culaiion. 

Beginning  with  the  left  ventricle,  the  blood  is  conveyed  to  the 
aorta^  from  which  branches  are  distributed  to  every  part  of  the 
body,  through  the  capillaries  to  the  veins,  to  be  eventually  returned 
as  dark,  impure  blood  to  the  right  auricle.  This,  the  greater  cir- 
cuit, has  been  termed  the  systemic  circulation.  During  the  course 
of  this  circulation  it  has  been  found  that  the  blood  from  the  capil- 
laries of  some  of  llie  abdominal  visc(»ra  is  gathered  together  into  a 
single   vessel,  the  portal  rein,  whicli  again  subdivides   to  form  a 
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capillary  plexus  in  the  liver.     This  accessory  circulation  is  commonly 
designated  as  the  portal  circulation. 

From  the  right  auricle  the  blood  flows  into  the  right  ventricle, 
from  which  it  is  expelled  through  the  pulmonary  artery  to  the  lungs. 


Fig.  68. — Diagram  of  the  Circulation.     (Duval.) 

1,  Left  ventricle.  2,  Left  auricle.  3,  Right  yentricle.  4,  Right  auricle.  5, 
Aorta.  6,  Systemic  capillaries.  7,  Inferior  vena  cava.  8,  Pulmonary  artery.  9, 
Pulmonary  capillaries.  10»  Pulmonary  vein.  11.  Gastric  and  intestinal  vessels. 
12,  Intestine.  13,  Portal  vein.  14,  Portal  vein,  forming  second  capillary  system 
in  the  liver.  15,  Liver.  16,  Hepatic  vein.  17,  Pulmonary,  or  lesser,  circulation. 
18,  Systemic,  or  greater,  circulation. 

to  he  returned  to  the  left  auricle  as  bright-red,  pure  blood.  This 
change  in  color  is  due  to  the  presence  of  oxygen  in  the  haemoglobin 
gained  during  the  process  of  aeration.  This  shorter  circuit  is 
known  as  the  lesser,  or  pulmonaryy  circulation. 

Difference  of  pressure  between  the  blood  of  the  aorta  and  pul- 
monary artery,  on  the  one  hand,  and  that  in  the  venae  cavae  and 
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pulmonary  veins,  on  the  other  hand,  is  responsible  for  the  How  of 
blood.  Its  direction  is  always  in  the  line  of  least  resistance.  The 
greater  the  difference  of  pressure,  the  greater  is  the  velocity  of  the 
blood-stream;  the  reduction  of  this  difference  to  nti,  as  in  death, 
results  in  no  movement. 

MOVEMENTS  OF  THE  HEART. 

The  heart  movements  consist  of  alternate  contractions  and 
relaxations,  which  follow  each  other  with  a  certain  rhythm.  Systole 
is  the  name  for  contraction;   diastole  is  the  term  for  relaxation. 

The  two  auricles  contract  and  relax  synchronously,  and  these 
movements  are  followed  by  a  simultaneous  contraction  and  relaxa- 
tion of  the  ventricles.     There  is  a  systole  and  diastole  of  auricles 
and  a  systole  and  diastole  of  ventricles.     At  last  there  is  a  very 
short  period  in  which  the  heart  is  in  diastole. 

The  auricular  contraction  is  less  sudden  than  the  ventricular. 
''^e  contraction  of  the  auricle  lasts  a  very  short  time,  while  the 
tiiii  c  of  ventricular  contraction  is  considerable,  and  the  relaxation 
^^    Ihe  ventricle  is  slow. 

The  ventricular  diastole  is  nearly  twice  as  long  as  the  ventri- 
^^liir  systole.     The  auricles  have  a  uniform,  wavelike  movement; 
^^^^  ventricles  have  a  spasmodic  action  in  their  movement.     If  now 
**>^  vena?  cava?  and  pulmonary  veins  are  delivering  blood  into  the 
^"^"^o  auricles,   then   at   this   time   the   diastole   of   the   auricles   is 
^^adually  approaching  completeness.     The  swelling  of  the  auricles 
^^  due,  in  part,  to  the  pressure  in  the  veins  being  greater  than  in 
^he  cavity  of  the  auricles  and  in  part  to  the  inspiratory  movement 
^f  the  thorax  sucking  the  blood  from  the  veins  external  to  the 
thorax  to  the  interior  of  the  veins  of  the  chest.     During  this  period 
the  ventricles   are   filling  with   blood,   for   both    the   tricuspid   and 
mitral  valves  are  open.     As  the  cavity  of  the  auricles  is  smaller 
than  that  of  the  ventricles,  the  auricles  are  filled  sooner,  and  con- 
sequently contract  before  the  ventricles,  the  veins  offering  a  resist- 
ance to  the  backward  movement  of  the  blood  by  a  narrowing  of 
their  opening.     The  systole  of  the  auricle  forces  the  blood  chiefly 
in  the  line  of  least  resistance  with  the  ventricle,  which  is  not  yet 
completely  filled   and  is  undergoing  diastole.     Whilst  the  blood   is 
passing  from  the  auricles  into  the  ventricles  the  auriculo-ventri- 
cular  valves  are  floated  gradually  into  a  horizontal  position.     The 
blood  by  the  systole  of  the  auricles  has  filled  the  ventricles,  already 
filled  in  part  during  the  diastole  of  the  auricle.     Now  the  ventricles 
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contract,  the  mitral  and  tricuspid  valves  are  tightly  pressed  together, 
and  regurgitation  of  blood  into  the  auricles  is  prevented.    Now,  as 
the  blood  cannot  go  back  into  the  auricles,  it  must  by  the  muscular 
force  of  the  ventricles  rush  into  the  pulmonary  artery  and  aorta, 
respectively.     The  onset  of  the  blood  forces  open   the  semilunar 
valves  of  the  pulmonary  artery  and  aorta,  and  exerts  a  pressure  in 
these  arteries  partially  filled  with  blood  before  the  new  rush  of 
blood  sets  in.     Their  walls  are  necessarily  considerably  distended. 
Then  the  ventricles  dilate  and  at  the  same  time  the  mitral  and  tri- 
cuspid valves  open,  and  the  semilunar  valves  close  from  the  recoil 
of  blood  against  them.     From  the  time  the  systole  of  the  ventricles 
ends  to  the  full  distension  of  the  auricles,  all  the  chambers  of  the 
heart  are  in  diastole  and  are  being  filled  with  blood.     This  is  th^ 
resting  of  the  heart,  and  is  called  the  pause. 

In  the  general  diastole  of  the  heart,  the  heart  fills  itself,  the 
blood  passes  from  the  auricles  into  the  ventricles  under  the  influ- 
ence of  the  venous  blood-pressure.     There  are  three  factors  which 
help  in  the  filling  of  the  heart.     First,  diastolic  aspiration  of  the 
heart  produced  by  the  rapid  relaxation  of  its  elastic  walls.    The 
second  cause  is  the  auricular  aspiration  produced  by  the  ventricular 
systole.     At  the  time  corresponding  exactly  to  the  period  of  evacu- 
ation of  the  heart  by  a  systole  a  sudden  depression  ensues  in  the 
auricle,  a  venous  aspiration  into  the  auricle,  because  the  ventricles 
in  contracting  shorten,  but  the  apex  of  the  heart  is  not  displaced, 
for  the  base  of  the  ventricles  is  pulled  towards  the  apex  of  the 
heart;    the  auriculo-ventricular  valves  being  closed  at  that  time, 
they  are  carried  along  with  the  ventricle.     The  floor  of  the  cavities 
of  the  auricle  is  perceptibly  lowered  and  the  cavity  of  the  auricle 
is  enlarged.     This  aspiration  of  the  heart  is  especially  noticeable  in 
the   vena   cava,   but   a   less  marked   aspiration   is  seen   in   the  pul- 
monary veins.     The  third  cause  in  the  filling  of  the  heart  in  a  state 
of  general  diastole  of  the  heart  is  the  thoracic  aspiration. 

PULMONARY  CIRCULATION. 

It  must  be  remembered  that  the  right  and  left  auricles  fill  in 
the  same  time;  whilst  the  blood  is  running  into  the  right  auricle 
from  the  vena  cava,  the  blood  is  flowing  from  the  pulmonary  veins 
into  the  left  auricle  in  the  same  quantity  and  with  the  same 
rapidity. 

The  quantity  of  blood  which  the  right  ventricle  sends  into  the 
lungs  must  be  the  same  in  quantity  as  that  ejected  by  the  left  ven- 
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tricle.  If  the  same  quantity  of  blood  is  not  ejected  by  the  two 
ventricles  at  each  contraction  the  blood  accumulates  somewhere  in 
the  vascular  system. 

Whilst  the  blood-pressure  in  the  lungs  is  very  low,  the  varia- 
tions in  pressure  are  very  small,  not  more  than  10  to  15  millimeters  . 
in  physiological  conditions.  The  variations  of  blood-pressure  in  the 
givstemic  circulation  are  much  greater.  Hence  the  work  of  the  right 
ventricle  does  not  vary  much,  whilst  that  of  the  left  ventricle  must 
vary  considerably;  hence  it  is  more  easily  fatigued  than  the  right 
ventricle. 

If  the  left  ventricle  is  not  able  to  eject  all  its  blood  on  account 
of  the  resistance  in  the  periphery,  then  the  blood  cannot  flow 
readily  from  the  right  heart.  As  a  rule,  this  effect  on  the  right 
heart  by  an  incomplete  evacuation  of  the  left  ventricle  is  counter- 
acted by  the  great  capacity  of  the  pulmonary  vessels,  which 
accommodate  this  backing  up  of  blood  and  permits  it  to  absorb  the 
greatest  quantity  of  oxygen.  The  resistance  to  the  flow  of  blood  in  the 
pulmomny  circulation  is  very  small,  and  the  blood  makes  its  circuit  in 
G  to  7  seconds. 

GENERAL  SHAPE  OF  THE  HEART. 

During    ventricular    systole    the    heart    undergoes    a    torsion 

around  its  vertical  axis;   a  twisting  from  left  to  right  anteriorly  by 

which  the  left  ventricle  gets  in  front.     The  ventricles  during  their 

diastole  have  a  general  conical  form  which  during  their  systole 

becomes  globe-like.     This  change  of  form  also  alters  the  diameter 

of  the  heart.     The  vertical  diameter  is  lessened  by  the  contraction 

of  the  cardiac  muscle.     The  transverse  diameter  from  right  to  left 

is  diminished  by  the  change  to  a  sphere  during  the  systole  of  the 

ventricles.     There  is  an  increase  in  the  antero-posterior  diameter 

from  the  spherical  form  of  the  ventricle.     The  heart  is  in  close 

contact  with  the  walls  of  the  chest  by  this  globular  form  during  the 

systole. 

CHANQB  IN  VOLUME. 

In  plethysmographic  studies  of  the  heart  it  is  found  that  there 
is  a  diminution  of  its  volume  during  ventricular  systole. 

CHANGE  IN  CONSISTENCY. 

The  hardening  of  the  heart  during  systole  is  of  great  impor- 
tance in  the  explanation  of  the  cardiac  impulse.  If  you  simply 
touch  the  heart  of  a  living  animal  you  obtain  considerable  informa- 
tion as  to  the  energy  of  the  cardiac  contraction. 
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CARDIAC  REVOLUTION  OR  CYCLE. 

A  cardiac  revolution  or  cardiac  cycle  shows  that  the  heart- 
muscle  has  alternate  contractions  and  relaxations.  The  cvcle  means 
that  the  heart  at  any  particular  time  experiences  certain  changes 
until  it  once  more  takes  on  the  same  condition  that  it  had  at  the 
time  when  the  observation  began. 

The  right  and  left  auricles  contract  at  the  same  time  forming 
the  auricular  systole;  this  is  succeeded  by  contraction  at  the  same 
time  of  the  right  and  left  ventricles;  then  the  whole  heart  is  in  a 
state  of  rest,  a  general  relaxation  or  diastole.  Then  the  revolution 
again  begins. 
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Fig.  69. — ^A  Cardiac  Cycle.     (Starling.) 


The  cardiac  revolution  may  be  divided  as  follows:  (1)  the  first 
sound;  (2)  the  first,  or  short,  silence;  (3)  the  second  sound;  and, 
(4)  the  second,  or  long,  silence. 

If  the  cardiac  revolution  be  divided  into  tenths,  then  the  firs^t 
sound  will  be  Vio?  ^he  first  silence,  Vjo;  the  second  sound,  -/loi 
and  the  long  silence,  Vi^. 

The  time  of  the  various  acts  of  the  total  cardiac  movement  in 
man  are,  according  to  Gibson,  as  follows: — 

Auricular  systole 0.112  second. 

Ventricular  systole   0.368  second. 

Ventricular  diastole 0.578  second. 

Cardiac  cvcle 1.068  seconds. 
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Auricular   diastole    is    about    0.G4    seconds,    hence    its    time    is 
longer  than  that  of  a  systole  of  the  auricle.     It  has  been  found  by 
Enthoven  and  Geluk  by  the  most  accurate  measurements  in  fifteen 
iunian  hearts   that   ventricular   systole   may   take   0.313   to   0.34G 
seconds,  whilst  diastole  may  be  0.385  to  0.518  seconds.     If  the  fre- 
quency of  the  heart  is  greater  the  time  taken  by  each  revolution  is 
shorter,  but  the  diminution  is  mainly  in  the  diastole,  when  the  heart 
Tests  and  recovers  its  systolic  power.     Whatever  may  be  the  rate  of 
the    heart-beat,  the  auricular  and   ventricular  systoles  do  not  vary 
much,  but  in  a  rapidly  acting  heart  the  pause  is  short,  in  a  slow 
be&tmg  heart  it  is  long. 

The  diastole  of  all  the  four  cavities  of  the  heart  is  longer  than 
th. ^  ir  systole,  and  it  is  about  a  half  second  from  the  end  of  the  con- 
tr^cjtion  of  the  ventricles  to  the  commencement  of  the  contraction 
of  the  auricles,  a  period  of  cardiac  rest.  It  has  been  estimated  that 
t\^^^  human  heart  works  about  nine  hours  and  rests  about  fifteen 
ho^urs  in  a  day. 

The  rhythmical  succession  of  these  acts  constitutes  the  cardiac 
"■^  ^'ohition.  By  their  function  the  vital  fluid — the  blood — is  kept 
^^^  constant  circulation  within  the  body  so  that  every  portion  of  the 
^^^^'^^^inomy  receives  its  proper  nourisliment.  The  processes  of  metabo- 
^^*^iu  are  balanced,  the  various  organs  and  glands  of  the  ])ody  per- 
^^^  :»Tii  their  needed  functions,  and  the  whole  animal  lives  and  thrives. 
The  events  in  a  cardiac  revolution  can  be  tabulated  as  fol- 


Ist  period. 

^Xiricular  systole, 
^txromplishment  of  ven- 
tricular diastole. 


2d  |)eriod. 

Ventricular  svatole. 

Closure  of  mitral  and 
tricuspid  valves. 

Opening  of  semilunar 
valves. 

The  blood  is  thrown  in- 
to the  aortic  and  pul- 
monary arteries. 

Cardiac  impulse. 

Diastole  of  the  arteries 
and  the  pulse. 

Auricular  diastole. 


3rd  period. 

General  diastole  of  the 
heart. 

Closure  of  semilunar 
valves. 

The  blood  pours  into 
the  auricles,  and  a 
little  into  the  ventri- 
cles. 


To  physiologists,  the  first  period  in  tlie  movement  of  the  heart 
coincides  with  contraction  of  the  auricles.  The  clinicians  take  the 
first  period  at  the  moment  of  ventricular  systole. 
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ClintcaUy,  changes  in  llie  cardiac  impulse  are  hcst  ascertained 
by  using  any  of  the  graphic  inKtrumente  and  then  (studying  the 
curves  obtained.  From  such  study  the  observer  is  able  to  get  very 
deSnite    knowledge   as   to   the    nature   of    the   cardiac   lesion,    its 


Fig.  7 la- — Uiagraiu  Allowing  the  RelatioDS  o[  the  CaTdiogram 
lAB),  the  PuUe  in  the  Carotid  IC.iR).  the  Jugular  Pulse  [JCO),  ami 
the  Radial  Pulae  {BAD)  to  each  other. 

The  pprpendlcuUr  lloM  repreaent  the  time  at  the  tollowEng  oraat*:  1,  The 
beilnatnl  at  auricular  iTMoIe.  Z,  The  beglnnlnB  ot  Tentrlculat  aralole.  3,  The 
■ppearauce  ol  the  pulae  Iq  the  carotid,  i.  The  appearanci  of  the  pulie  In  the 
radial,  i,  The  cloiure  at  the  aeniilUDar  valvea.  S.  The  opening  or  the  tiicuapid 
valvea.    (Hat.)  ' 

severity,  etc.  The  various  stenoses,  insufficiencies,  hypertrophies, 
and  dilatations  may  by  this  means  be  diagnosed  with  considerable 
aecuracv. 
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Sndocardiao  Preasnre. — Tlie  ordinary  merc-iirial  manometer,  by 
whu'h  the  heart's  work  can  he  estimated,  is-  unsuitable  for  deter- 
mining its  ventricular  pressure.     The  objections  are  the  relatively 
;n"eal  amount  of  work  required  to  produce  a  given  displacement  of 
the  mercury;    that  it  is  not  susceptible  and  sensitive  to  quickly 
follow  difTercnces  of  pressure;    and  when  once  displaced,  the  mer- 
cury possesses  enough  oscillations  of  its  own  which  confuse  oscilla- 
tions of  blood-pressure.     However,  when   this  instrument   by  the 
introduction  of  a  properly  placed  valve  is  converted  into  a  "maxi- 
mum and  minimum  manometer,"  the  actual  blood-pressure  may  be 
more  readily  determined. 

The  dog  has  been  very  extensively  used  for  the  application  of 
this  instrument,  as  a  consequence  of  which  the  appended  figures  are 
^rj  von: — 

Ststolk.  Diastole. 

liAZiifUif  Pbkssubb.  Minimum  Pbessurk. 

^-  f  t^  vpntricle 140  millimeters.         — 30  to  40  millimeterH. 

lii #^it  wntricle CO  "  —  15 

R « $^1it  auricle 20  "  —   7  to     8 


By  negative  pressure  is  meant  that  the  mercury  in  the  instru- 
""^ont  has  been  sucked  toward  the  heart.  The  negative  pressure,  as 
i^  seen,  occurs  only  during  the  diastole  of  the  heart.  Moens  is  of 
^^^^1.^  o])inion  that  this  negative  pressure  within  the  ventricle  happens 
^'^<mly  l)efore  the  systole  has  reached  its  height.  During  negative 
l»^vssnre  the  blood  from  the  veins  is  sucked  into  the  heart. 

For  determination  of  the  duration  of  the  cardiac  events,  as  well 
'^'^  the  Idood-pressure — that  is,  to  have  tracings  of  the  curves  for 
**arh  cavity,  to  know  the  time-relations  for  comparisons,  as  well  as 
Uie  curves  of  the  great  arteries  and  veins — requires  an  instrument 
^f  some  complexity.     Only  within   recent  years   have   these   been 
invented,    by   Chauveau    and   ^larey,   whereby   elastic   manometers 
counterbalance  the  blood-pressure  instead  of  a  column  of  liquid. 
Many  of  the  instruments  employed  give  their  tracings  from  move- 
ments transmitted  to  them  from  cardiac  sounds  through  a  tube  to 
the  recording  apparatus.     The  sounds  were  usually  appropriately 
curved  cannula?,  to  one  end  of  which  were  attached  flexible  rubber 
Ijags,  or  ampulla?.     Two  were  introduced  through  the  jugular  vein 
into  the  right  auricule  and  ventricle,  a  third  into  an  intercostal 
space  in  front  of  the  heart.     These  were  put  into  communication 
with  three  tambours  with  their  needles,  by  which  were  recorded  the 
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of  the  moment  of  closing  or  opening  of  either  auriculo-ventricular 
or  semilunar  valves.  These  instances  can,  however,  be  marked 
upon  it  after  they  have  ])een  obtained  in  an  indirect  manner. 

In  Fig.  72  the  ordinate  1  indicates  the  closing,  and  ordinate  4 
the  opening  of  the  mitral  valve;  ordinate  2  indicates  the  opening, 
and  ordinate  3  the  closing  of  the  aortic  valve.  In  the  arterial 
curve,  2  marks  the  beginning  of  tlie  systolic  rise  and  3  the  begin- 
ning of  the  dicrotic  wave,  which  corresponds  closely  to  the  closure 
of  the  aortic  valve. 

During  the  period  when  the  bicuspid  valve  is  open,  the  pres- 
sure is  lower  in  the  ventricle  than  in  the  arterv,  the  aortic  valve  is 
shut,  and  blood  is  entering  the  ventricle,  this  being  the  "period  of 
the  reception  of  blood."     During  the  greater  part  of  the  period 
when  the  bicuspid  valve  is  shut,  the  aortic  valve  is  open,  the  pres- 
sure is  higher  in  the  ventricle  than  in  the  artery,  the  ejection  of 
Wood  is  taking  place,  this  being  the  "period  of  ejection,"  which  lies 
l)etween  the  ordinates  2  and  3  (Fig.  72). 

There  are  two  brief  periods,  during  each  of  which  both  valves 
are  shut  and  the  ventricle  is  a  closed  cavity;   one  immediately  pre- 
cedes the  period  of  ejection,  the  other  immediately  follows  it.     The 
ox]>lanation  of  these  periods  is  that  it  takes  a  brief  time  for  the 
cardiac  muscle,  contracting  upon  the  blood  in  the  closed  ventricle, 
to    raise  the  pressure  to  the  high  point  required  to  overcome  the 
opx^osing  pressure  within  the  artery  and  to  open  the  aortic  valve. 
Hence  the  ventricular  cycle  is  composed  of  four  periods:   the  first, 
the  period  of  complete  closure  with  strongly  rising  pressure;    the 
**<*oon(l,  the  period  of  ejection,  relatively  long;    the  third,  a  period 
^f  complete  closure,  with  swiftly  falling  pressure;   the  fourth  is  the 
porio<l  when  the  pressure  is  low  and  blood  is  entering  the  ventricle. 
Persistence  of  the  Heart  Movement. — The  heart  mav  continue 
^^  beat  for  some  time  after  its  removal  from  the  bod  v.     This  is 

« 

particularly  noticeable  in  cold-blooded  animals  like  the  turtle,  whose 
lioart  movements  have  been  known  to  continue,  even  for  days. 

When  the  heart  dies  the  ventricles  stop  first,  but  the  right 
auricle  is  the  last  to  be  arrested;   hence  it  is  called  the  "w//imwm 

W.  Koch  observed  the  dying  heart  in  the  human  foetus  and  the 
last  part  to  cease  beating  was  not  the  root  of  the  superior  vena  cava 
but  in  the  wall  of  the  coronarv  vein  of  the  heart  which  he  thinks 
corresponds  embrA'ologically  to  the  sinus  venosus. 

10 
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50UND5  OF  THE  HEART. 

When  the  ear  is  placed  over  the  cardiac  region,  or  to  a  stetho- 
scope applied  to  the  j)recordial  area,  two  cliaracteristic  sounds  are 
heard.  The  two  eoundvS  are  known  as  tlie  first  Bound  and  second 
sound,  and  are  emitted  during  every  cardiac  revolution.  Tliough  the 
sounds  occur  in  quick  succession,  yet  they  arc  each  separated  by  silences. 

The  first  sound  is  the  stronger  of  the  two.  In  nature  it  is  dull. 
It  coincides  with  the  shock  of  the  heart.  The  first  sound  is  fol- 
lowed by  the  first,  or  short,  silence. 

The  second  sound  is  shorter  in  duration  and  clearer  in  character 
than  the  first.  It  conies  an  instant  afterward,  at  the  moment  when  the 
whole  heart  is  in  relaxation.  In  pitch,  the  second  sound  is  from 
one-fourth  to  one-third  higher  than  that  of  the  first  sound. 

Following  the  second  sound  of  the  heart  there  occurs  the  second, 
or  long,  silence.  In  reality  the  pause  occupies  but  a  fraction  of  a 
second,  yet  it  is  said  to  be  "long''  as  compared  with  the  first  silence. 

It  must  be  borne  in  mind  bv  the  student  that  there  occur  in  reality 
four  sound:i  during  each  cardiac  cycle.  However,  the  first  two 
normally  occur  in  unison,  as  do  the  second  two,  so  that  but  two  sounds 
are  heard  by  the  examiner. 

From  their  diilerence  in  pilch  the  two  heart-sounds  may  be 
expressed  graphically  upon  the  musical  staff.  To  the  ear  they  simulate 
the  sounds  which  are  produced  in  pronouncing  the  words,  *'lubb," 
"dup,"  the  former  corresponding  to  the  first  heart-sound,  the  latter  to 
the  second. 

If  the  two  sounds  be  listened  to  at  some  distance  from  the  heart, 
the  first  may  nearly  always  be  distinguished  from  the  second  by  com- 
paring the  intervals  between  them.  The  time  elapsing  between  the 
first  and  second  sounds  is  generally  much  shorter  than  that  which 
separates  the  second  sound  from  the  first  in  the  succeeding  revolution 
of  the  heart.  But,  in  medical  practice,  too  much  importance  must 
not  be  attached  to  these  intervals,  since  their  respective  duration  is 
extremely  variable.  In  the  absence  of  the  impulse  it  is  better  to 
depend  upon  the  differences  of  pitch. 

Causes  of  the  Sounds. — The  nature  and  causes  of  the  cardiac 
sounds  are  best  studied  in  a  large  mammal  whose  heart-action  is 
comparatively  slow.  For  this  purpose  the  horse  is  used.  Its  pulse 
averages  but  forty.  The  animal  is  properly  prepared  by  ansesthetizing, 
curarizing,  and  exposing  the  viscus  to  view  by  placing  a  window  in  the 
thorax.     With    stethoscope   and    by    observation    and    palpation,   the 
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The  Cadsb  of  the  Fibst  Sound  is  more  difficult  to  determine 
than  Ib  that  of  the  second.  The  nature  of  this  sotmd  IB  more  com- 
plex, several  factors  entering  into  its  evolvement. 

Since  it  is  eBtabliehcd  that  the  iirst  sound  corresponds  in  point 
of  time  with  ventricular  systole,  it  is  reasonflble  to  connect  it  with  one 
or  several  phenomena  which  take  place  in  the  heart  at  that  moment. 
They  are ;  The  precordial  shock,  contraction  of  the  ventrieles,  occlusion 
of  the  auricnlo-ventricular  valves,  and  opening  of  the  sigmoid  valves. 

While  the  above  phenomena  are  synchronous  with  the  first  sound, 
yet  the  majority  of  them  are  believed  to  have  no  action  in  producing 
the  first  Bonnd.  Thns,  the  sound  is  audible  in  a  heart  before  which 
the  chest-wall  has  been  removed,  so  that  precordial  shock  is  not  the 
source  of  the  sound. 


Fig.  74,— The  Action  of  the  Tricuipid  Vslve,  {CBA.trvXA.O.) 
Pv,  Tracing  ot  the  TkrEitloni  of  pmiure  In  the  rliht  Teotrlcle.  1,  Ueuii 
Snt  lound.  8.  TraclDg  br  the  iltnal  magnet.  abowlDg  the  action  ot  (he  Tal*e, 
which  bj  Ita  moTemcnt*  cIoKi  and  opena  an  alectlic  current  to  the  alcnal 
magneL  The  Arat  aouna  (cloiure  of  the  aurlcula-rentrfcular  TalTci)  la  almul- 
taneoui  with  the  beginning  ot  the  Tentrkular  irBtole  and  It  producea  during  the 
flrat  Bound  a  rapid  ascent  of  the  ourve  ot  ventricular  preaaure. 

That  the  opening  of  the  sigmoid  (semilunar)  valves  is  not  of 
consequence  has  long  been  refute<i  by  experiment. 

In  the  case  of  the  second  sound  we  just  learned  that  the  pro- 
duction of  it  was  due  to  the  closure  of  the  sigmoid  valves.  In  like 
manner  the  closure  of  the  auriculo-ventricular  valves  is  in  part  the 
cause  of  the  first  sound.  Wintrich,  by  means  of  proper  resonatcrs,  was 
able  to  analyze  the  first  sound  and  so  distinguish  the  clear,  snappy 
valvular  component  of  this  so-called  solid  sound.  The  very  fact  that 
the  sound  is  low  and  booming  in  nature  demonstrates  the  fact  that 
there  must  be  some  other  component  entering  into  its  causation. 

The  tension  and  vibration  of  the  chordie  tendinete  are  factors 
in  producing  sound,  but  the  nature  of  it  is  similar  in  every  respect 
to  that  produced  by  valvular  vibration. 

Even  though  the  auriculo-ventricular  valves  and  their  cbordte 
tendinoas  be  destroyed  in  an  excised  heart,  yet  will  there  be  pro- 
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duced  a  feeble  sound  of  rather  low  pitch.  This  sound  is  believed  to 
be  produced  by  the  contraction  of  the  muscular  fibres  of  ventricular 
vails,  and  has  been  termed  ''miisch'Sound/' 

Any  muscle  whatever^  during  its  contraction,  gives  rise  to  a  dull 
wnnd.  It  is  evident  then  that,  during  contraction  of  the  ventricle, 
tills  same  phenomenon  must  occur  and  so  contribute  its  part  to  the 
production  of  the  first  sound. 

From  new  experiments  it  appears  that  the  rSIe  of  the  muscular 
contraction  is  more  important  than  it  has  generally  been  thought  to 
i)e.    For  verification  of  this  the  following  experiment  seems  to  be 
decisive : — 

The  heart  is  exposed  in  a  dog  which  has  been  poisoned  with 
curare  and  in  which  artificial  respiration  has  been  maintained  dur- 
vig  two  hours.  The  left  ventricle  is  cut  open  in  front  and  at  the 
back  with  scisBOis  along  the  intraventricular  partition.  The  incisions 
ure  rapidly  lengthened  from  the  apex  toward  the  base  in  such  a 
maimer  as  to  turn  completely  outside  all  the  ventricular  wall.  This 
portion  is  no  longer  held  to  the  rest  of  the  heart  except  by  the  auricle. 

The  suspended  piece  of  ventricular  wall,  under  these  conditions, 

continues  to  contract  with  force  and  rhythm  for  some  seconds.    If  the 

stethoscope  be  applied  to  the  internal  face  of  the  stump,  it  per- 

Q^its  us  to  hear  at  the  moment  of  each  contraction  a  sound  that  is 

exactly  like  the  one  which  had  been  perceived  in  the  nonmutilated. 

There  is,  however,  a  vast  difference  in  intensity,  the  sound  emitted 

from  the  experimental  heart-muscle  being  very  weak. 

The  contraction  of  the  auricles  is  not  considered  at  all  as  being 
a  factor  in  the  production  of  cardiac  sounds.  Repeated  experiments 
have  proved  the  auricular  contractions  to  be  inaudible. 

Position  of  Valves  and  the  Areas  of  Audibility. — ^The  pulmonary 
and  tricuspid  of  the  right  side  lie  nearer  the  surface  than  the  aortic 
and  mitral  of  the  left. 

The  best  point  to  hear  the  pulmonary  valve  is  chiefly  behind 
the  third  left  costal  cartilage.  For  the  aortic  valve  it  is  behind  the 
left  half  of  the  sternum,  on  a  level  with  the  third  interspace.  For  the 
mitral  valve  it  is  behind  the  left  half  of  the  sternum,  on  a  level  with 
the  fourth  and  upper  border  of  the  fifth  cartilage.  For  the  tricuspid 
valve,  behind  the  lower  fourth  of  the  sternum,  to  the  right  of  the 
middle  line  from  the  fourth  right  cartilage  to  a  point  behind  the 
junction  of  the  sixth  right  cartilage  to  the  sternum. 

Variations  in  Heart-sounds. — Increase  in  the  intensity  of  the 
first  sound  of  the  heart  is  indicative  of  a  more  vigorous  contraction 
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of  the  ventricles,  with,  of  course,  greater  tension  of  the  auriculo- 
ventricular  valves. 

Increase  of  the  second  sound  denotes  a  higher  tension  in  {be 
corresponding  large  arteries.  The  condition  is  usually  demonstra- 
tive of  overfilling  and  congestion  of  the  pulmonary  circuit.  With 
equal  intensity  the  muscular  sound  of  the  left  ventricle  is  appre- 
ciably longer  than  that  of  the  right. 

Weak  heart-sounds  are  indicative  of  a  feeble  action  of  the  hear^ 
and  usually  denotes  degenerations  of  the  heart-muscle. 

The  first  sound  is  very  faint  or  not  heard  at   all  when  th^ 
ventricular  systole  is  weak.     If  the  ventricle  is  hypertrophied  th^ 
soimd  is  low  and  booming;  if  the  heart-muscle  is  dilated,  the  soundT 
is  high  pitched. 

The  Coronary  Arteries. — The  heart-muscle,  by  reason  of  its 
almost  constant  activity,  must  be  very  generously  supplied  with  blood 
to  insure  its  proper  nutrition.  In  it  are  found  a  system  of  arteries, 
capillaries,  and  veins,  known  as  the  coronary  vessels. 

The  arteries  going  to  the  heart-muscle  are  two  in  number:  the 
right  and  left  coronary.  They  are  the  first  branches  of  the  aorta,  and 
take  their  origin  just  above  the  level  of  the  free  margins  of  the  semi- 
lunar valves.  The  diameter  of  the  coronarv  arteries  is  that  of  a 
crowds  quill.  From  tliese  main  vessels  there  proceed  numerous 
branches  which  dip  down  into  the  heart-substance,  dividing  and  sub- 
dividing as  they  go  until  a  system  of  capillaries  is  formed. 

The  effete  products  are  conveyed  to  the  general  circulatory  sys- 
tem by  the  coronary  vein,  which  empties  its  blood  into  the  right 
auricle. 

It,  with  its  branches,  is  provided  with  valves,  since  every  auricular 
systole  interrupts  the  venous  flow;  the  ventricular  contractions, 
however,  accelerate  its  flow.  The  coronary  arteries  are  characterized 
by  their  very  thick  connective  tissue  and  elastic  intima,  which  perhaps 
accounts  for  the  frequent  occurrence  of  atheroma  of  these  vessels. 

The  net-work  of  cardiac  capillaries  is  very  close  and  spiral  vessels 
are  found  which  supply  blood  in  the  change  of  form  and  position  by  the 
muscle-fiber.     The  coronary  arteries  do  not  anastomose. 

Porter  found  the  volume  of  blood  passing  through  the  coronary 
vessels  is  increased  bv  an  increase  in  either  the  force  or  the  fre- 
quency  of  the  heart-beats.  The  emptying  of  the  intra-mural  vessels  of 
the  heart  bv  the  contraction  of  the  hcai-t  favors  the  flow  of  blood 
through  the  heart  walls  chiefly  by  the  diminished  resistance  which  the 
empty  patulous  vessels  offer  to  the  inflow  from  the  aorta  when  the 
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heart  relaxes.  This  coiupression  of  the  coronary  vessels  drives  the 
blood  into  the  right  auricle.  The  relaxation  of  the  heart-walls  does 
not  produce  a  noteworthy  suction  in  the  larger  coronary  vessels. 

At  the  beginning  of  systole  the  blood  rushes  into  the  coronary 

trteries  in  the  same  fashion  that  it  does  into  other  arteries.     How- 

erer,  later,  during  systole,  the  branches  of  the  coronary  arteries  are 

50  squeezed  by  the  strong  ventricular  contractions  that  the  passage 

of  the  blood  is  temporarily  obstructed  or  even  made  to  retrograde. 

Before  the  blood  can  recede  to  any  extent,  systole  has  ended  and  the 

blood  then  flows  along  as  before. 

It  has  also  been  found  that,  during  the  beginning  of  a  ventricu- 
lar systole,  a  cut  into  the  coronary  artery  of  a  living  animal  causes 
a  spurt  of  blood  from  the  central  end  of  the  artery. 

A  shortening  of  the  diastolic  period  lessens  the  nutritive  supply 
to  the  heart.  Diastolic  distention  of  the  left  heart  by  "back  pres- 
«^iV  lessens  the  coronary  flow.  These  facts  are  of  much  practical 
iniprt  in  diseases  of  tlie  heart. 

Pratt  found  that  the  vessels  of  Thebesius  open  from  the  ven- 

^'^ides  and  auricles  into  a  svstem  of  fine  branches  that  communi- 

^^te  with  the  coronary  arterie^p  and  veins  by  means  of  capillaries 

^tid  with  the  veins,  but  not  with  the  arteries,  by  passages  of  somewhat 

*^rge  size.     He  also  showed  that  with  the  coronary  arteries  absolutely 

^Ut  off  the  mammalian  ventricles  may  be  maintained  under  proper 

^nditions  in  rhj-thmic  contraction  for  hours,  by  the  blood  through  the 

foramina  of  Thebesius. 

Ligation  of  both  coronary  arteries  in  the  dog  is  followed  by  a 
decreased  force  and  rate  of  the  heart-beat,  and  often  a  series  of  inde- 
pendent contractions  of  the  individual  muscle-fibers,  which  are  called 
fibrillary  contractions,  and  finally  complete  arrest  of  the  heart.  Porter 
found  that  the  whole  dog's  heart  can  recover  from  the  fibrillary  con- 
tractions by  cooling  the  ventricles  until  all  trace  of  fibrillation  has 
disappeared  and  then  bringing  the  heart  back  to  the  normal  tempera- 
ture by  circulating  warmed  defibrinated  blood  through  the  coronary 
vessels. 

In  those  cases  of  degeneration  where  disease  of  the  coronary  vessel- 
walls  produces  the  condition  known  as  atheroma,  the  symptoms  of 
ligaturing  and  of  sudden  death  occur  because  of  the  sudden  arrest  of 
the  heart's  action. 

Dr.  Ida  IT.  Hyde  found  that  the  quantity  of  blood  flowing  through 
the  heart  is  diminished  by  a  greater  internal  pressure  and  a  consequent 
distension  of  the  heart  even  when  it  is  boating. 
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The  coronary  veins  have  their  outflow  temporarily  retarded  by 
the  contraction  of  the  right  auricles,  an  action  partially  contributed  to 
by  the  valve  of  Thebesius.  The  coronary  veins  empty  themselves  when 
the  auricles  relax. 

The  frequency  of  the  mammalian  heart  is  changed  but  little  by  the 
quantity  of  blood  flowing  through  the  coronary  arteries,  but  the  quau- 
tity  is  of  great  importance,  for  the  force  of  heart.     If  the  heart  has  no 
work  to  do  it  has  need  of  only  a  very  small  amount  of  blood. 

Frequency  of  the  Heart's  Action. — During  health  the  heart  act^ 
80  smoothly  and  with  so  little  concern  on  our  part  that  there  i 
required  considerable  self -attention  before  any  differences  are  seeiE 
to  exist.  Its  action,  as  studied  from  the  throbbings  (pulse)  that  are 
exhibited  by  some  of  the  more  superficial  arteries,  and  each  of  which 
corresponds  to  ventricular  systole,  is  found  to  lie  in  very  close  sym- 
pathy to  the  other  great  functions  of  the  economy  and  is  accordingly 
influenced  by  them.  The  average  number  of  adult  beats  is  72  per 
minute.  Even  in  health  great  deviation  on  either  side  of  this  stand- 
ard may  exist,  depending  upon  age,  sex,  size,  food,  drink,  exercise, 
posture,  etc.  That  age  and  sex  exercise  an  influence  upon  the 
frequency  of  the  heart's  movements  must  be  remembered  by  the 
clinician  when  making  his  diagnosis.  From  the  annexed  table  it  will 
be  noticed  that  just  before  birth  the  rate,  as  determined  by  the  stetho- 
scope, is  very  high,  but  gradually  diminishes  until  very  old  age,  when 
there  is  a  slight  increase.  Sex  is  very  influential,  the  female  heart 
averaging  about  eight  beats  more  per  minute. 

It  has  been  noticed  that  the  rule  seems  to  be  that  smaller  animals 
possess  a  greater  amount  of  neuro-muscular  activity  than  larger  ones. 
Among  human  beings  this  is  also  applicable,  shorter  people  usually 
having  a  pulse  that  is  a  trifle  more  rapid  than  taller  people.  Idiosyn- 
crasies are  frequently  found  which  are  at  first  very  misleading  to  the 
diagnostician.  Thus,  the  pulse  of  Napoleon  I  often  did  iiot  exceed 
40  beats  to  the  minute,  yet  he  was  perfectly  well.  After  each  meal 
there  is  an  increase  of  from  5  to  10  beats,  while  following  very  violent 
exercise  the  figures  140  or  150  may  be  reached. 

During  health  there  is  found  a  nearly  constant  relation  existing 
between  the  number  of  heart-beats  and  of  respirations.  This  pro- 
portion is  four  heart-beats  for  every  single  respiration.  Even  when 
the  number  is  very  much  increased  from  violent  exercise  or  any  other 
cause,  the  proportion  still  remains  constant.  Pathological  conditions 
usually  alter  this  relation.     Landois  gives  the  following  results : — 

In  male  adults  the  pulse-rate  is  72,  in  females  80. 
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Pulsations  pbr  Minutb. 
Age. 

Malb. 

Fatal  130  to  140 

1  year  120  to  130 

2  years 105 

3  years 100 

4  years 97 

6  years 04 

10  years 90 

10  to  15  years  78 

15  to  50  years 70 

80  to  90  years 80 

Pathological  Action. — Increasing  the  rate  of  the  heart  does  not 
mean  an  increase  in  work,  for  the  output  per  systole  is  propor- 
tionately lessened.  A  dilated  heart  must  use  more  force  that  it  may 
expel  the  blood  than  one  of  normal  capacity;  hence  it  enlarges. 
Dilatation  and  hjrpertrophy  usually  go  together. 

In  physiological  conditions  the  different  cavities  of  the  heart  expel 
equal  volumes  of  blood  in  the  same  time.  Not  to  do  so  would  cause 
an  unusual  effort  by  the  heart-muscle  and  the  usual  heart  failure. 

The  increased  frequency  of  the  heart  in  children  is  probably  due 
to  want  of  inhibitory  power  in  the  vagus.  The  erect  position  increases 
the  heart-beat,  because  the  attitude  makes  the  blood-pressure  fall  and 
the  heart  beats  more  rapidly  to  make  up  for  it. 

Slow  pulse  or  bradycardia  may  be  due  either  to  lessened  excita- 
bility of  the  cardiac  muscle  or  an  exaggerated  inhibition  by  the  vagus, 
seen  in  recovery  from  enteric  fever  and  pneumonia.  Slow  pulse  may 
be  due  to  high  arterial  tension,  stimulating  the  center  of  the  vagus. 

Emotional  causes  acting  upon  the  accelerators  will  not  raise  the 
heart-beat  beyond  130  per  minute.  Shortening  of  diastole  is  injurious 
to  the  heart,  as  it  is  the  only  resting  time  for  the  heart. 

Work  of  the  Heart. — ^When  a  force  produces  acceleration,  or  when 
it  maintains  motion  unchanged  in  opposition  to  resistance,  it  is  said 
to  do  work.  To  convey  an  impression  of  the  amount  of  work  done  by 
any  machine,  it  is  usual  to  express  its  efficiency  in  terms  of  worJc^units. 
This  is  a  comparatively  easy  task  when  attempted  in  the  physical 
world,  but  becomes  extremely  diflScult  when  one  attempts  to  express  in 
terms  of  work-units  the  force  of  the  heart's  action.  The  work  of  the 
heart — central  pump,  that  it  is — ^is  so  hard  to  reckon  in  view  of  the  ill- 
defined  data  that  we  are  able  to  obtain  as  to  the  resistance  which  it 
overcomes,  and  from  the  fact  that  different  portions  of  this  human 
machine  are  known  to  exert  different  degrees  of  force. 
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Anatomical  differences,  then,  in  the  heart  musculature  permit  the 
conclusion  that  the  left  heart,  the  walls  of  which  are  thicker,  has  more 
force  than  the  right  heart.  It  is  reasonable  to  state  from  these 
premises  that  where  the  ventricular  walls  are  three  times  thicker  in 
one-half  of  the  heart  than  they  are  in  the  other,  that  one  must  have  a 
thrice  greater  systolic  force  than  the  other  half. 

The  work  of  the  heart  is  usually  expressed  in  kilogrammeters.  A- 
kilogrammeter  is  equal  to  7.24  foot-pounds.  To  estimate  the  work  o't 
the  heart  according  to  Dr.  Leonard  Hill,  the  mean  pressure  an 
velocity  in  the  aorta  and  the  volume  of  blood  ejected  by  the  ventricl 
must  be  obtained. 

If  W  be  the  work  done  during  systole  of  the  left  ventricle  in  grants 
centimeters ;  Q,  the  volume  of  the  output  in  cubic  centimeters ;  M,  the 
mass  of  the  output  in  grams;  P,  the  specific  gravity  of  the  blood 
(.'.  M  =  PQ);  Y,  the  mean  velocity  in  the  aorta;  H,  the  mean 
aortic  pressure  in  grams  per  centimeter;  g,  the  acceleration  due  to 
gravity  =^  981  centimeters  per  second,  then 

MV2 
W  =  QH  + 


2g 

PQV2 
.•.W  =  QH  +  — ^^ — 

2g 

The  mean  aortic  pressure  may  be  put  down  as  12  centimeters  of 
mercury  (specific  gravity  of  mercury  =  13.5).  The  volume  of  the 
systolic  output  is  about  110  cubic  centimeters.  Substituting  these 
data  in  the  above  equation  one  obtains : — 

1.05  X  110  X  322 

W  =  110  +  12  +  13.5  H =  17.880  gram  cen- 

2X981  ^ 

timeters. 

If  in  the  case  of  the  right  ventricle  the  mean  pressure  in  the 
pulmonary  artery  be  taken  to  be  4  centimeters  of  the  mercury,  the 
work  of  that  ventricle  will  be  one-third  of  that  of  the  left  ventricle. 
Thus,  the  total  work  of  each  systole  of  the  heart  will  be  17,880  X  % 
=:  23,640  gram  centimeters,  and  the  total  work  of  the  heart  will  be 
per  day  about  24,000  kilogrammeters,  or  1,000  kilogrammeters  per 
hour,  or  the  equivalent  of  about  ^/^o  of  the  whole  amount  of  heat  pro- 
duced in  the  bodv. 
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When  the  ejection  of  bloud  from  tlio  vuntrick  is  retarded  by  the 
lortic  valves,  penaitting  regurgitation  or  by  u  high  arterial  tension, 
tlien  there  is  a  strain  upon  the  cardiac  muscle  wliich  is  met  by  increased 
extraction.  In  the  mustile  of  the  heart  the  greater  the  resistance,  up 
b  a  certain  point,  to  contraction,  the  stronger  the  force  of  contraction. 
If  the  heart  has  continuously  to  meet  these  resistances,  then  its  muscle 

bipertrophics  and  compensates  for  the  defective  valve  in  order  to 

properly  carry  on  the  circulation. 

INNERVATION  OF  THE  HEART. 

If  the  heart  be  removed  from  the  chest  or  all  of  its  nerves  be 
■evered,  it  will  still  continue  to  beat  for  a  variable  time,  dependent 
upon  the  claee  of  animal  operated  upon.     In  the  case  of  the  frog  and 
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Fig.  76.— Heart  of  the  Frog.      (Liros.) 

I.  Anterior  view.  II.  PaBUrl«r  Tlev.  i..  A,  Aoits.  Tf,  Superior  venk  cava. 
Or,  Auricle.  F.  Vcotrlcle.  So,  Aortic  bulb.  SV.  Slaua  vcuoiut.  Vd.  laferlor 
>na  oTk.    t'b.  Hepatic  Tcln.    VA,  Fulmoaar;  tcId. 

other  cold-blooded  animals  the  beating  of  tlie  heart  will  continue  for 
Jionrs  under  favorable  conditions.  From  this  it  would  seem  that 
(here  must  reside  within  the  heart  itself  some  mechanism  whereby 
the  rhythmical  movements  of  the  heart  are  maintained. 

Like  every  other  organ  of  the  body,  the  heart  receives  its  pro- 
per quota  of  nerve-supply,  through  whose  medium  are  conducted  cer- 
tain impulses  from  without  and  by  whose  influence  Its  rhythm  may 
be  altered. 

Cardiac  Ganglia. — This  internal  mechanism  has  been  chiefly 
studied  in  the  frog,  where  there  exists  in  the  heart  three  distinct 
ganglia:  Ilemak's,  Bidder's,  and  von  Bezold's.  From  the  cells  of  these 
ganglia  there  are  discerned  numerous  small  fibers  which  form  a  plexus 
over  the  surface  of  the  auricles  and  upper  portion  of  the  ventricles. 

Remak's  ganglion  is  fseen  at  the  orifice  of  the  superior  vena  cava 
or  sinus  venosus.     Bidder's  is  located  at  the  junction  of  the  auricles 
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and   yentricles   in   the   auriculo-ventricular   groove.     Van  Bezolit 
ganglion  has  its  seat  in  the  interauricular  septum. 

The  heart  of  a  mammal  differs  from  that  of  an  amphibian  only 
in  that  there  are  several  groups  of  ganglia  in  the  mammals,  while 
but  one  exists  in  the  amphibians.    However,  these  several  ganglia  of 
the  mammal  are  believed  to  be  automatically  and  physiologically 
equivalent  to  the  homologous  single  ganglion  or  group  of  gangUa  of- 
the  amphibian.    The  same  general  laws  may  be  applied  to  both. 

Cause  of  Cardiac  Shythm. — The  rhythm  of  the  ventricle  is  ^- 
property  of  the  cardiac  muscle.    In  the  maintenance  of  this  rhythit^ 
the  nervous  system  does  not  intervene  except  as  an  ordinary  excitant  o^ 
muscle.     It  is  known  that,  if  the  apex  of  the  frog's  heart  be  cut  away^ 
it  is  then  separated  from  all  ganglia.    The  excised  portion  does  not 
beat  spontaneously,  while  the  rest  of  the  heart,  the  auricles  and  the 
base  of  the  ventricles,  continue  their  rhythmical  action.    Thus  it 
seems  that  the  ventricles  can  contract  under  the  persuasion  of  irri- 
tations which  arise  in  them. 

If  now  the  isolated  and  immovable  portion  of  the  heart  be  placed 
under  a  cardiograph  and  subjected  to  opening  of  the  induction  current, 
there  will  result  a  pulsation  from  each  isolated  induction  shock. 

It  is  a  remarkable  fact  that,  if  this  same  excised  portion  be  excited 
by  frequent  breaks  (at  least  thirty  per  second),  the  muscle  heaU 
rhythmically.  Ordinary  striped  muscle  responds  to  isolated  and 
separate  breaks  of  the  induction  current  by  manifesting  isolated  con- 
tractions.    Heart-muscle  cannot  be  tetanized. 

Hence  this  observation  would  force  us  to  the  conclusion  that  the 
heart's  rhythm  does  not  depend  upon  the  ganglionic  cells  of  the  heart 
The  rh}i;hm  is  the  property  of  the  cardiac  muscle  to  react  to  the 
frequent  excitations  which  it  receives. 

In  this  respect  cardiac  muscle  is  completely  differentiated  from 
ordinary  striated  muscle.  It  is  a  mistake  to  seek  to  make  the  rhyth- 
mical property  of  the  cardiac  muscle  a  property  of  ordinary  muscle.     • 

Theory  of  Cardiac  Ehythm. — Numerous  experiments  have  been 
performed  upon  the  hearts  of  animals  (the  frog  chiefly)  for  determin- 
ing the  causes  and  means  of  control  of  the  rhythmical  movements  of 
the  heart.  The  experiments  consist,  for  the  most  part,  of  ligaturing 
various  portions  of  the  heart,  and  are  performed  by  tightening  ai^d 
then  relaxing  the  ligature  so  that  the  physiological  connection  is 
destroyed,  while  its  anatomical  and  mechanical  functions  are  still 
intact.  The  most  important,  as  well  as  best  known,  of  the  ligature 
experiments  is  the  one  known  as: — 
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Stannius's  Experiment. — If  the  sinus  venosus  of  the  frog's 
heart  be  separated  from  the  auricles  by  the  application  of  a  ligature^ 
then  the  auricles  and  ventricles  will  remain  quiet  in  diastole^  while  the 
reins  and  the  remainder  of  the  sinus  continue  to  beat.    If  a  second 
ligatnre  be  applied  at  the  junction  of  the  auricles  and  ventricle^  the 
usual  sequence  is  for  the  ventricle  to  begiii  to  beat  again  while  the 
auricles  continue  to  remain  in  their  diastolic  rest.    Though  the  two, 
ginua  venosus  and  ventricle,  continue  to  beat,  their  motion  is  not 
rhythmical,  the  ventricular  movements  being  considerably  slower.     In 
ever}'  case  the  quiescent  portion  can  be  made  to  give  single  contrac- 
tions by  stimuli,  either  mechanical  or  electrical.    Thus,  when  the 


ABC 
Fig.  76. — Schema  of  Ligaturen  of  Stannius.     (Hedon.) 

A.  Ligature  below  the  aurlculo-yentricular  groove  (L):  the  sinui  Tenotui 
(3)  and  the  auricles  (1)  continue  to  beat,  but  the  apex  of  the  Isolated  ventricle 
Is  arrested. 

B.  Ligature  of  L  to  sinus  (3),  which  continues  its  rhythmical  beats;  1  and 
2  are  arrested  in  diastole  (seventh  experiment  of  Stannius). 

C.  After  the  ligature  (L)  as  in  B,  a  second  ligature  (f/)  Is  placed  around 
the  auriculo- ventricular  groove;  the  ventricle,  which  was  originally  arrested, 
after  some  rhythmical  contraction,  is  again  arrested  (tenth  experiment  of 
Stannius). 

ventricle  remains  quiet  after  the  first  ligature,  it  may  be  made  to  give 
single  contractions  by  pin-pricks. 

There  are  two  explanations  of  the  effects  of  Stannius'  ligature, 
known  as  the  nerve  theory  or  neurogenic  theory  of  the  cause  of  the 
heart-beat,  and  the  muscle  theory  or  the  myogenic  theory  (sinus 
theory)  of  the  heart-beat.     I  shall  first  take  up  the  neurogenic  theor}\ 

Heurogenio  Theory. — To  explain  the  experiment  of  Stannius  it 
has  been  asserted  that  Remak's  and  Bidder's  ganglia  are  motor  and 
von  Bezold's  is  inhibitor}';  that  the  motor  influence  of  Remak's  and 
Bidder's  is  greater  than  the  inhibitory  influence  of  von  Bezold's ;  hence, 
in  the  absence  of  all  ligatures,  the  heart  beats.  That  the  motor  power 
of  Bidder's  is  less  than  the  inhibitory  power  of  von  Bezold's ;   conse- 
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quently,  the  first  ligature  cutting  off  the  motor  power  of  Bemak's,  the 
auricle  and  ventricle  stand  quiescent,  while  after  the  second  ligature, 
cutting  off  also  the  inhibition  of  von  Bezold's  ganglia,  the  ventricle, 
actuated  by  Bidder*s  ganglia  alone  and  unopposed,  again  commences 
to  beat. 

Dogiel  and  Archangelsky,  in  a  frog's  heart,  have  extirpated  the 
ganglia  of  Bidder,  the  intraventricular  ganglia,  and  the  ganglion  cells 
and  nerves  which  lie  about  the  aiiriculo- ventricular  groove,  and  found 
that  the  ventricle  lost  the  power  to  rhythmically  contract,  although  its 
muscle  and  nerves  were  retained  up  to  the  ganglion  cells,  which  had 
been  removed.  In  such  a  heart,  robbed  of  its  ganglion  cells,  the  law 
of  Bowditch,  that  a  minimal  irritation  is  at  the  same  time  a  maximal 
one,  fails,  for  the  cardiac  muscle  gave  varying  heights  of  contraction 
with  varying  strength  of  the  electrical  current. 

Marie  Imchanitzky,  working  in  Kronecker's  laboratory,  found  in  a 
lizard,  where  neither  muscle-bridges  connected  the  auricle  to  the 
ventricle,  nor  any  bundle  of  muscle-fibers  in  the  septum  corresponding 
to  that  of  His,  that  ligation  of  the  nervous  cords  which  are  the  only 
connection  between  the  auricles  and  ventricles,  made  the  auricles  beat 
10  per  minute  and  the  ventricles  3,  then  it  was  14  to  6.  Besides 
these  nervous  cords,  only  connective  tissue  can  be  noticed  between  the 
auricles  and  ventricles.  Here  there  is  a  purely  neurogenic  origin  of 
co-ordination  of  the  heart-beat. 

Carlson  has  made  numerous  experiments  upon  the  crab^s  heart, 
which  prove  the  neurogenic  theory  of  its  heart  action.  The  neuro- 
genic theory  has  received  some  support  by  experiments  upon  the  heart 
of  warm-blooded  animals. 

Kronecker  and  Schmey  found  that  a  needle  thrust  into  the  heart 
at  the  lower  border  of  the  upper  third  of  the  septum  produced  fibrillary 
contractions,  which  Kronecker  believed  was  due  to  a  puncture  of  the 
co-ordinating  nerve  center  situated  at  that  point,  or  to  his  later  theory 
that  the  needle  irritates  a  vasomotor  center  which  produces  a  deficient 
blood-supply  to  the  ventricle. 

Myogenic  Theory. — This  theory  is  the  one  generally  held  by  the 
majority  of  physiologists.  The  nerveless  apex  of  a  frogs  heart  has 
been  kept  twenty-one  days  and  it  was  still  able  to  contract  upon  stimu- 
lation. In  such  a  preparation  all  cut  nerves  should  be  degenerated. 
Ammonia  and  weak  acids  excite  the  muscle  of  the  apex,  whilst  glycerine 
which  excites  nerve,  had  no  effect  upon  the  apex.  It  must  be  inferred 
that  the  heart-muscle  has  irritability  and  contractility  independent  of 
the  nerves  in  it.    In  the  heart,  stimuli  pass  in  all  directions  from 
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Tentricle  to  auricle  or  from  auricle  to  ventricle;  tliis  is  not  a  property 
of  nene-fihers.  Engclniann  by  zigzags  cuts  probably  cut  all  nerve-fibere, 
vet  conduction  ensued  from  end  to  end  of  the  muscle. 

la  the  myogenic  theory,  the  hcart-niusclcs  have  the  property  of 
automatic  rhythm,  and  the  power  and  supremacy  is  greatest  at  the 
Tenous  end  of  the  heart.  Hence  this  part  of  the  heart  contracts  first 
and  the  wave  spreads  to  the  auricle  and  then  to  the  ventricle. 

Porter  has  foimd  that  the  apex  of  a  dog's  heart,  which  histologists 
tell  us  has  no  nerve-cells,  when  fed  by  its  nutrient  artery  with  warm 
defibrinated  blood-beats  for  several  hours. 

According  to  Gaskell  and  Engelmann,  the  nen-e-ganglia  do  not 
play  any  part  in  the  movements  of  the  frog's  heart.  According  to 
their  idea  the  sinus  sends  out  impulse-waves  through  the  muscular 
structure  of  the  heart.  When  the  first  Stannius  ligature  is  applied 
it  blocks  the  waves  running  from  the  sinus  to  the  right  auricle. 
Here  the  sinus  continues  beating,  but  the  remainder  of  the  heart  is 
quiet.  If,  now,  you  tie  a  ligature  in  the  auriculo-ventricular  groove 
of  this  quiescent  heart,  then  the  ventricle  beats.  The  ligature  or 
compressor  at  this  point  is  said  to  stimulate  the  ventricle. 

In  mammals  the  sinus  venosus  of  the  frog  has  been  included  in 
the  right  auricle  at  the  point  of  entrance  of  the  venae  cavae,  and  is  thus 
directly  continuous  with  the  auricular  wall. 

It  was  formerly  supposed  that  there  was  no  muscular  connection 
existing  between  the  auricles  and  ventricles,  but  the  bundle  of  His 
has  been  found  to  extend  from  the  auricles  to  the  ventricles. 

This  bundle  is  about  2  inches  in  length,  about  V,o  of  an  inch  in 
icidth,  and  about  Vi«  of  ^^  ^^^^  i^  thickness.  Tawara  has  found  a 
nervous  network  in  this  bundle  of  His. 

Auriculo-yentricular  Bundle  of  His.* — According  to  Tawara,  this 
bundle  starts  in  the  vicinity  of  the  anterior  edge  of  the  coronary  vein, 
running  forward  on  the  right  side  of  the  auricular  septum  below  the 
oval  foramen,  closely  hugging  the  auriculo-ventricular  septum.  Just 
above  the  median  flap  of  the  tricuspid  valve  this  bundle  forms  a  node 
and  from  this  node  a  process  arises  which  pierces  the  fibrous  septum, 
runs  along  dorsal  to  the  ventricular  septum  and  divides  into  two  main 
branches,  passing  obliquely  downwards,  on  each  side  of  the  septum  of 
the  ventricle  under  the  endocardium.  The  right  and  left  branch  of 
the  main  bundle,  each  enclosed  in  a  connective-tissue  sheath  of  its 
own,  isolated  from  other  muscles,  pass  a  long  way  down  the  septum 
and  in  the  lower  third  of  ventricular  cavities,  with  the  trabecula. 


^British  Medical  Journal,  1906,  p.  1107. 
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enter  the  anterior  and  posterior  papillary  muscles.     When  they  get  to 
the  papillary  muscles,  some  of  the  fibers  pass  beyond  them,  enter  the 
parietal  wall  of  the  ventricle,  where  they  send  branches  upwards  and 
downwards  under  the  endocardium  and  lining  of  the  interior  surface 
of  the  ventricles  to  fuse  with  the  cardiac  muscle.    The  auriculo- 
ventricular  bundle  throughout  its  whole  extent  is  peculiar  as  regards 
structure  when  compared  with  ordinary  cardiac  muscle-fibers  by  the 
fact  of  a  small  development  of  sarcoplasm.    The  embryonic  fibers 
described  by  Purkinje,  of  Breslau,  in  1845,  in  the  sub-endocardial 
layers  of  the  ventricle  are  really  the  main  branches  of  the  ventricular 
part  of  the  auriculo-ventricular  bundle.    The  Purkinje  fibers  are  pale 
in  stained  preparations  on  account  of  the  diminished  amount  of 
fibrillary  substance  and  by  their  well-marked  connective-tisBue  sheath 
are  easily  distinguished  from  other  ventricular  fibers.     Moenckebeig 
in  the  main  facts  corroborates  the  findings  of  Tawara. 

On  the  inner  surface  of  the  ventricles  have  been  foimd  tendmaos 
structures.  Tawara  thinks  they  are  nothing  else  than  braadm  of 
the  auriculo-ventricular  bundle,  which  are  normal  in  many  lower 
animals  but  abnormal  in  man.  Moenckeberg  has  divided  the  so-called 
"tendons"  into  four  groups,  as  regards  the  left  ventricle:  {X)  fibers 
which  contain  no  muscular  fiber,  actually  abnormal  tendons;  (2)  fibers 
which  are  ventricular  muscle  fibers;  (3)  fibers  which  are  exclusively 
of  the  auriculo-ventricular  bundle;  (4)  fibers  which  are  ventricular 
and  mixed  with  auriculo-ventricular  bundle.  The  first  two  kinds  do 
not  have  anything  to  do  with  the  bundle  of  His;  the  last  two  are 
fibers  of  the  left  branch  of  the  auriculo-ventricular  bundle  which  are 
abnormal. 

Keith  and  Flack  have  shown  the  existence  at  the  junction  of 
the  superior  vena  cava  and  the  right  auricle  of  a  ring  of  peculiar 
muscle-tissue  which  they  named  the  sino-auricular  node  and  which  has 
a  structure  similar  to  that  of  the  auriculo-ventricular  bundle  and  node, 
and  is  furnished  with  a  separate  blood  supply  from  both  coronary 
arteries.  It  also  contains  nerve-cells  and  their  fibers.  The  connection 
between  this  ring  of  tissue  and  the  auriculo-ventricular  node  is  still 
uncertain,  but  appears  to  be  by  means  of  the  auricular  muscle-fibers. 

Conduction  of  the  auricular  impulse  is  much  slower  in  the  bundle 
of  His  than  in  the  other  muscle-fibers  of  the  heart.  Clamping  this 
bundle  in  animals  varies  its  conductivity.  The  experiments  of  Hering 
and  Erlanger  have  shown  that  along  this  "auriculo-ventricular  bundle 
of  His'^  the  wave  of  stimulation  is  carried  from  the  auricle  to  the 
ventricle. 
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coming  from  the  auricle,  with  consequent  lengthening  of  the  latent 
period  of  the  ventricular  muscle.  At  this  stage  of  compression  of  the 
bundle  of  His  it  is  usual  for  the  time  between  the  auricular  and 
ventricular  systoles  to  lengthen  until  finally  the  ventricle  fails  to  be 
fired  off  by  the  impulses  from  the  auricle,  so  that  we  have  a  loss  of  a 
beat  of  the  ventricles  to  every  eight,  or  ten,  auricular  systoles.  If 
the  clamp  is  tightened  more,  then  we  have  a  failure  of  the  ventricle  to 
contract  with  every  other  auricular  beat;  here  the  riiythm  is  2  to  1. 
Further  compression  by  tlie  clamp  causes,  for  every  three  or  four 
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Fig.  77. — A  Case  of  Heart  Block. 

The  uppermost  line  represents  the  time  in  seconds,  the  next  line  the  apex 
beat,  and  the  third  the  Jugular  pulse,  showing  the  transmitted  carotid  wave,  c. 
The  third  auricular  contraction  is  not  followed  by  any  contraction  of  the  ren- 
tricle.  The  diagrammatic  figure  below  shows  the  time  of  the  auricular  systole 
by  the  upper  verticals,  the  time  of  the  ventricular  systole  by  the  lower  verticals, 
and  the  a-c  period  by  the  obliquity  of  the  lines  connecting  these.  Numerals  in 
this  diagram  represent  fractions  of  a  second.  Notice  the  shortening  of  the  a-c 
period  after  the  heart-block,  and  how  this  lengthens  the  succeeding  ventricular 
period.  In  the  venous  pulse,  a  represents  the  auricular  contraction  and  c,  the 
"carotid  pulse"  (ventricular  contraction),  or,  more  correctly,  the  closing  of  the 
tricuspid  valve.  The  a-c  interval  normally  does  not  exceed  a  fifth  of  a  second. 
but  where  conduction  is  poor  in  the  bundle  of  His,  it  may  be  prolonged  to  two- 
fifths  or  more.    (Hewlett.) 

auricular  beats,  a  single  ventricular  contraction,  a  rh>'thm  of  3  to  1  or 
4  to  1.  These  cases  of  partial  heart-block  are  to  be  explained  by  the 
fact  that  after  each  contraction  of  the  ventricle  it  experiences  a  fall  in 
irritability.  But  by  its  rest,  there  is  an  increase  in  irritability  and  then 
the  ventricle  is  fired  off  by  the  auricular  impulses.  A  reduction  in  the 
efficiency  of  the  wave  of  excitation  from  the  auricles  may  ensue  from 
the  compression  of  the  bundle  of  His;  hence  the  ventricles  will  not  be 
fired  off  until  they  have  increased  their  irritability  by  rest  to  respond  to 
the  weakened  excitation  from  the  auricles.     When  a  complete  heart- 
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block  is  produced,  the  ventricles  cease  to  beat  for  a  time,  the  auricles, 
however,  beating  their  usual  rate.  But  after  a  pause  from  one  to 
eighty  seconds  the  ventricle  resumes  its  beat  and  gradually  increases  its 
frequency.  The  stoppage  of  the  ventricles  is  due  to  a  want  of 
impulses  from  the  auricles  to  fire  them  off.  The  subsequent  slow  beat 
of  the  ventricle  is  due  to  an  inherent  power  in  the  muscle  of  the 
Tentricle  to  beat  in  a  rhythm.  In  cases  of  complete  heart-block  by 
compression  of  the  auriculo-ventricular  bundle,  irritation  of  the 
accelerator  nerves  increases  the  rate  of  the  auricles  and  ventricles, 
whilst  irritation  of  the  vagus  inhibits  the  auricle  but  not  the  ventricle. 
Bering  states  that  the  vagus  also  slows  the  ventricle  in  this  case. 

Similar  cases  of  heart-block  in  man  have  taken  place  in  the  cases 
of  the  disease  known  as  Stokes-Adams.  In  a  case  of  this  kind  Dr. 
Alfred  Stengel  has  discovered  an  atheromatous  lesion  in  the  bundle  of 
His.  Clinically  we  may  estimate  the  time  taken  in  the  conduction  of 
the  wave  of  contraction  from  the  auricles  to  the  ventricles  by  the 
duration  of  the  "A-C"  interval  from  the  venous  pulse  in  the  jugular, 
where  "A"  stands  for  the  auricular  contraction  and  "C"  for  the  pulse 
in  the  carotid  (contraction  of  ventricle).  Normally  the  A-C  interval 
is  about  0.20  of  a  second,  but  where  the  conductivity  is  poor  it  may 
be  lengthened  to  0.40  of  a  second  or  more. 

If  conduction  of  the  impulses  from  the  auricle  cannot  travel 

to  the  ventricles,  as  in  the  heart-block  of  Stokes- Adams  disease,  then 

we  have  a  beat  of  the  auricle  but  not  of  the  ventricle.     The  next  wave 

of  stimulus,  however,  passes  over  the  bundle  with  unusual  rapidity 

4nd  the  A-C  period  is  shortened.     Only  occasional   impulses   may 

fail  to  pass  the  bundle  of  His,  and  if  heart-block  is  complete  we 

have  the  ventricles  beating  30  per  minute  independent  of  the  auricles, 

which  beat  84,  as  Erlanger  observed  in  Stokes-Adams  disease.     H.  E. 

Bering,  in  contradiction   to  several   observers  has   shown   that  the 

papillary  muscles  contract  before  the  apex  of  the  heart,  as  the  bundle 

of  His  runs  first  in  the  papillary  muscles  and  then  gives  off  branches. 

A  depression  of  conductivity  results  in  a  lengthening  of  the  A-C 
interval,  an  occasional  dropping  out  of  the  ventricular  systole,  a  2  to 
1  rhythm  or  a  3  to  1  rhythm,  and  a  complete  block,  the  auricular 
rhythm  being  independent  of  and  differing  from  the  ventricular. 

Pathological  and  Fharmacological  Actions. — The  alternating 
pulse,  pulsus  altemans,  in  which  large  and  small  pulse-beats  alternate 
is  a  good  example  of  defect  in  contractility.  In  the  cases  of  Stokes- 
Adams  disease  digitalis  can  produce  partial  heart-block,  whilst  atropin 
increaseB  the  auricular  beats  but  leaves  the  ventricular  beats  unchanged. 
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CARDIAC  NERVES. 

Engelmann  has  divided  the  action  of  the  vagi  and  accelerator 
nerves  on  the  heart  into  four  different  heads:  (1)  The  inotropic 
influence,  positive  or  negative,  affecting  the  force  of  tlie  contraction. 
(2)  The  chronotropic  influence,  positive  and  negative,  affecting  the 
rate  of  contraction,  positive  chronotropic  actions  producing  an  acceler- 
ation. (3)  Bathmotropic  influence,  affecting  the  irritability  of  the 
muBCular  tissue  and  may  be  positive  or  negative.     (4)   Dromotropic 


Fig,  78. — Course  of  Vagus  Kerve  in  Frog.      (Stibliko.) 
BM,  Submsaulla.    LU.  Luni.    F,  Vsaui.    GP,  Olouo-pban'DgSBl.    H8.  Hrpo- 
lltMMl.    L,  Laryngeal.    PH.  8H,  OH,    OH.    Pttn-.    Rtsrno-,    scoto-,    and   oma- 
brotd.    BO,  Hypoglouui.    '/.  Hearl.    BK.   Brachlat  plfiui. 

influence,  positive  or  negative,  affecting  the  conductivity  of  the  tissne. 
Both  cardiac  nerves,  wlien  irritated,  are  slow  in  acting ;  that  is,  have 
a  long  latent  period.  Both  cardiac  nerves  can  be  fatigued,  and  if  in 
a  cold-blooded  animal  one  vagus  has  been  irritated  until  exhausted. 
then  irritation  of  the  peripheral  end  ia  without  effect.  The  vague, 
according  to  Gaskell,  is  an  anabolic  nerve,  as  it  retards  chemical 
changes  in  the  cardiac  muscle.  The  accelerator,  according  to  him,  is  a 
catabolic  nerve,  for  it  increases  the  chemical  changes  in  the  muscle. 

The  change  of  rate  and  rhythm  of  the  heart  in  disease  may  be  in 
the  muscle  or  the  nervoue  supply  of  the  heart.     Thus  the  propagation 
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of  stimuli  over  the  heart  (dromotropy),  as  well  as  the  contraction  of 
the  cardiac  muscle  (inotropy)^  may  be  abnormally  augmented  or 
decreased.  The  regular  initiation  of  stimuli  (ehronotropy)  may 
tary,  as  well  as  the  ability  of  the  heiart  to  respond  to  these  stimuli 
(bithmotropy.) 

Extracardiac  Nervous  System. 

The  extracardiac  nervous  system  is  composed  of  the  cardiac 
branches  of  the  vagus,  together  with  the  cardiac  branches  of  the 
iympaiheiic, 

Yag^ni-path. — ^The  vagus  arises  chiefly  from  the  nucleus  ambiguus 

in  the  medulla  oblongata.     It  descends  in  the  neck,  giving  off  near  the 

origin  in  the  neck  of  the  superior  and  inferior  laryngeal  nerves  the 

superior  cardiac  branch,  and  near  the  origin  of  the  inferior  laryngeal 

in  the  thorax,  the  inferior  cardiac  branches,  which  contain  the  majority 

of  the  cardio-inhibitory  fibers.    The  inhibitory  fibers  belong  to  the 

autonomic  system,  are  pre-ganglionic  and  end  around  the  sympathetic 

ganglia  in  the  heart,  whilst  the  post-ganglionic  fibers  run  from  here 

to  the  cardiac  muscle-fiber. 

As  has  been  previously  stated,  the  immediate  cause  of  the  rhyth- 
niical  contractions  of  the  heart  lies  in  the  protoplasm  of  the  muscle- 
cells  themselves,  but  the  rate  and  force  of  its  beats  are  influenced 
l>y  impulses  reaching  it  through  the  central  nervous  system.  The 
t^ff^ts  of  these  impulses  are  twofold:  inhibition,  or  diminution  in 
^l^o  rate  or  force  of  the  heart-beat,  and  acceleration,  or  increase  in 
^he  rate  or  force.  Both  the  inhibitory  and  accelerator  centers  are 
"x-ated  within  the  medulla,  from  which  fibers  leave  the  cranium  and 
^^ach  the  heart.  Of  these  efferent  fibers  of  the  vagus,  the  inhibi- 
^^>r\  ones  are  most  prominent. 

Inhibitory  Nerves  of  the  Heart. — Section  of  the  vagus  in  the  cat 

and  rabbit  is  not  followed  by  much  increase  in  tlie  rate  of  the  heart- 

'x'at;   in  the  dog  and  man  the  increase  of  rate  is  much  greater.     In 

children  the  inhibitor}'  power  of  the  vagus  is  very  weak,  and  they  can 

bear  doses  of  atropin  much  better  than  adults  because  there  is  not 

much  increase  of  the  rate  of  the  heart  after  the  use  of  it.     These  facts 

lead  to  the  conclusion  that  in  warm-blooded  animals  the  vagi  are  in  a 

state  of  constant  activity  with  an  inhibitory  control  over  the  heart. 

When  all  the  extra  cardiac  nerves  in  the  dog  were  cut  on  both 
sides,  and  at  the  same  time  the  inferior  cervical  and  the  superior 
cervical  ganglia  were  extirpated  and  tlie  animal  survived  eiglit  months, 
the  number  of  the  beats  of  the  heart  was  not  markedly  changed.  If, 
however,  the  dog  was  made  to  walk  more  than  a  kilometer,  then  serious 
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cardiac  trouble  ensued.  The  permanent  regulation  of  the  work  of  the 
heart  is  then  conditioned  on  the  central  nervous  system  and  the  sym- 
pathetic ganglia.  If  the  vagus  is  divided  and  the  peripheral  end 
irritated,  as  the  Weber  brothers  did  in  1845,  then  we  have  an  arrest 
of  the  heart  in  diastole.  This  inhibitory  action  of  the  vagus  is  seen  in 
all  animals.  Czermak,  who  had  an  exostosis  on  the  cervical  vertebra, 
by  pressing  his  finger  on  the  right  vagus,  mechanically  irritating  it, 
could  at  any  time  slow  the  heart  and  even  bring  it  to  a  complete  arrest 
for  a  moment.  The  right  vagus  often  has  a  more  powerful  inhibitory 
effect  than  the  left.  In  the  slowing  of  the  heart  by  irritation  of  the 
vagus  the  diastole  is  lengthened,  both  auricles  and  ventricles  are 
stopped,   and  the  heart   dilates   and  is   swollen  with  blood.    This 
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Fig.  79. — Tracing  by  Lever  Attaclietl  to  Frog's  Heart  on  Stimulation 
of  the  PneumogaHtric  Nerve.     (Foster.) 

a-b  shows  time  of  stimulation  by  electricity.    As  the  tracing  shows,  the 
heart's  movements  were  arrested  for  some  time. 


inhibitory  effect  on  the  heart  lasts  some  time  after  the  irritation  of 
the  vagus  stops.  During  this  inhibitory  action  by  irritation  of  the 
vagus  the  heart's  excitability  is  diminished,  its  contents  are  not  so 
great  and  the  blood-pressure  falls.  The  slowing  of  the  ventricle  is 
supposed  to  be  due  to  an  inhibition  of  the  auricle,  which  slows  or  does 
not  permit  the  usual  exciting  impulses  to  travel  from  it  to  "shoot  off" 
the  ventricle.  But  it  has  been  shown  by  Tigerstedt  that  dividing  the 
connection  between  the  auricle  and  the  ventricle  does  not  bring  on  a 
pause,  as  it  should  if  the  ventricular  contractions  were  due  to  impulses 
coming  from  the  auricle.  It  is  probable  then  that  inhibition  is  exerted 
mainly  on  the  auricles  and  in  part  upon  the  ventricles.  Erlanger 
with  a  clamp  on  the  auriculo- ventricular  bundle  of  His  found  that 
stimulation  of  the  vagus  only  affects  the  auricle  in  that  case. 

It  makes  no  difference  whether  one  irritates  the  center  of  the 
pneumogastrics,  their  trunk,  or  peripheral  ends  within  the  heart,  the 
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same  result  follows:    there  is  a  diminution  is  the  nnmber  of  the 
heart-beats. 

Peculiabities. — Some  of  the  points  of  peculiarity  of  the  vagus 
and  its  action  are:  1.  The  heart  is  arrested  in  diastole;  so  that  the 
slowing  depends  upon  the  period  of  diastole.  2.  The  irritation  of 
one  ne^^'e  aloue  acts  upon  the  two  sets  of  inhibitory  ganglia  in  the 
heart  by  reason  of  asGociation  fibers.     3.  After  the  arrest  of  the  heart 


Fig.  HO.— Arri'st  of  the  Heart  of  a  Rubbit  by  Irritation  of  the  Peripheral 
Knd  of  the  PneumogBstric  in  the  Neck.      (GtEY.) 

If,  Carotid   pressure  equala  12  ceuMiacterg  ol  iDercury.    K.   Eicltatlon  at 
tbe  nrrve  by  an   Inauctlon  current.    T,  Tims  every  2  SMOodg. 

by  excitfltiou  of  the  vagus  tlie  heart  begins  its  contructious  first  in  the 
auricles. 

Cardio-mhibitoiy  Beflexei. — A  tap  upon  the  abdominal  wall  is 
able  to  throw  the  pneumogastric  into  greatly  increased  action;  bo 
that  the  heart  is  often  stopped  and  death  ensues.  In  this  case  the 
s\-mpathetic  nerves  of  the  solar  plexus  convey  the  impression  up  the 
»pinal  conl  to  the  center  of  the  pneumogastric  in  the  medulla.  From 
the  medulla  the  impulse  is  sent  down  the  inhibitory  fibers  of  the 
pneumogaatrir,  which  causes  arrest  of  the  heart.  The  arrest  occurs 
always  in  diastole,  never  in  systole. 
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Fig.  £2- — Innervation  of  Heart.     (Powell.) 

VMC,  VEBomotor  center.  A  of  V,  AoduIub  of  VieuBseiis.  QSi,  OanffUon  stel- 
latom  (First  thorBcic).  TdTQ,  Second  thoracic  ganglion.  UTQ,  Third  thoracic 
ganglion.  Vagus  is  denoted  by  continuous  lines— arrows  toward  heart.  Deprmsor 
nerve  is  repr^ented  by  dotted  points— arrows  from  heart.  In  man  the  cardiac  accel- 
erator branches  travel  to  the  heart  from  the  annulus  of  Vieussens  and  cervical 
sympathetic. 

If  the  beats  are  more  than  this,  say  200  per  minute,  there  must  be  a 
temporary  dilatation  of  the  heart. 

When  the  irritated  vagus  arrests  the  lieart  the  first  succeeding 
contractions  are  stronger  or  more  numerous  than  previously,  and  the 
work  of  the  heart  is  greater.     An  excess  of  carbonic  acid  in  the  blood 
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excites  the  centers  of  the  vagus  and  slows  the  heart.  Increase  c 
cranial  pressure  lessens  the  rate  of  the  heart. 

Death  from  plunging  into  cold  water  is  a  case  of  reflex  in 
from  the  nerves  of  the  skin.  Irritation  of  the  gastric  mucoi] 
brane  is  also  an  example  of  a  sensory  irritation  depressing  the 
inhibitory  power  of  the  vagus,  the  head;  beating  faster. 

Afferent  Nerve  of  the  Heart.  (Depressor  Nerve  of  Ludwig 
Cyon.) — ^This  nerve  in  the  rabbit  usually  arises  from  two  branc 
from  the  trunk  of  the  vagus  and  the  other  from  the  superior  la 
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Fig.  83. — Diagram  of  the  connections  of  the  Depressor  Nerve 
Rabbit  and  Dog,  according  to  Cyon.     It  will  be  noticed  that  in  tl 
ter  animal  the  depressor  nerve  runs  in  the  vagus  trunk  for  the  g 
part  of  the  course.      (Starling.) 


It  ends  in  tlic  heart,  and,  according  to  some,  in  the  aorta's  ori. 
is  found  in  man  and  other  animals.  When  its  central  end  ii 
lated,  there  is  a  fall  of  arterial  tension  to  about  half  its  form 
After  the  stimulation  is  arrested,  the  tension  returns  to  normal 
this  fall  of  arterial  tension  the  beats  of  the  heart  are  slowed: 

4 

the  vagi  are  divided,  there  is  no  change  in  the  frequency  of  th 
which  shows  that  the  lessening  of  the  number  of  heart-beats  ii 
stimulation  of  the  cardio-inhibitorv  center.  Even  after  curai 
irritation  of  the  central  end  of  tlie  depressor  lowers  the  arterial 
If  the  splanchnics  are  previously  divided,  stimulation  of  the  d 
still  has  some  effect. 
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Porter  and  Beyer  have  fhown  that  it  ililntos  tlie  arterioles 
throughout  the  body,  am]  csijociiilly  those  hlnod-vcsHcla  inntTxatod  by 
the  splanehnk's.  Excessive  repletion  of  the  heart  Btimiilates  the 
endinge  of  the  depreusor  uerve  in  the  heart.     These  afferent  inipulsea 
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inhibit  the  main  yasomotor  center  and  permit  the  arterioles  to  dilate, 
and^  opening  the  flood-gates^  thus  relieve  the  systolic  strain  of  the 
muscular  fibers  of  the  heart.  The  depressor  nerve  is  not  in  constant 
action  and  is  not  easily  fatigued. 

It  has  been  stated  that  the  depressor  nerve  acts  like  a  safety-valve 
to  the  heart.     Sewall  and  Steiner  found  on  division  of  the  depressor 
nerves  that  with  few  exceptions  the  blood-pressure  rose  1  to  3  centi- 
meters of  mercury.    This  would  seem  to  indicate  a  tonic  action  oi 
these  nerves.    They  also  clamped  the  carotids  in  rabbits,  and  thi^ 
anaemia  of  the  medulla  stimulated  the  vasoconstrictor  center  an^ 
elevated  blood-pressure.     If,  however,  they  divided  the  depressors  an^ 
then  occluded  the  carotid  arteries,  the  rise  of  arterial  tension  was  mucf  ^ 
greater.     These  data  prove  in  the  first  experiment  that  the  activity  o^ 
the  depressors  prevented  a  great  rise  of  pressure  by  the  inhibition  of 
the  vasoconstrictor  center  and  necessarily  dilatation  of  the  arterioles 
of  the  splanchnic  area. 

Von  Cyon  has  shown  that  iodothyrin  augments  the  irritability  of 
the  depressor  nerve. 

The  depressor  is  greatly  called  into  play  in  the  heart  of  the  bicycle- 
rider,  where  the  abdominal  reservoir  of  blood  is  compressed  by  the 
active  abdominal  muscles,  and  the  blood  is  driven  into  the  thoracic 
cavity  and  the  heart  is  swollen  with  blood.  The  depressor  cannot  well 
dilate  the  abdominal  vessels,  for  they  are  compressed  in  bicycle-riding 
by  the  violent  compression  of  the  muscles  of  the  abdomen. 

After  an  injection  of  pyocyanine,  irritation  of  the  depressor  fails 
to  lower  blood-pressure.  After  the  use  of  strychnia,  the  irritation  of 
the  depressor,  causes  a  rise  instead  of  a  fall  of  arterial  tension. 

This  nerve  facilitates  the  escape  of  blood  from  the  ventricles.  At 
the  same  time  it  indirectly  reduces  the  flow  of  blood  in  the  auricles  and 
the  work  of  tlie  heart  lessens.  The  slow  heart-beat  contributes  to 
diminish  the  work  of  the  heart.  The  defence  of  the  heart  from  excess 
of  intra-cardiac  pressure  is  the  slowing  of  the  heart  and  the  vaso-dila- 
tion  especially  of  the  intestinal  arterioles. 

Accelerators. — The  accelerators  act  upon  the  tonus  and  rhythm  of 
the  heart.  In  1866  E.  and  M.  Cyon  proved  that  in  a  curarized  dog 
with  the  depressors,  vagi,  cervical  synipathetics  and  splanchnics  divided 
that  electric  irritation  of  the  cut  cord  was  followed  by  a  considerable 
acceleration  of  the  heart  without  a  cliange  in  blood  pressure.  The 
increase  of  heart-beats  often  amounts  to  20  per  cent.  In  this  experi- 
ment the  cord  must  exert  its  influence  on  the  heart  through  the 
inferior  cervical  and  the  first  thoracic  ganglia.     After  they  extirpated 
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time  after  the  irritation,  then  ensues  a  marked  slowness.     As  to  the 
blood-pressure,  irritation  of  the  accelerators  as  a  rule  causes  no  change, 
but  instead  of  being  elevated  at  times  there  is  a  fall.     This  lowering  of       ] 
pressure  is  a  result  of  the  heart  not  being  filled  during  the  frequent 
contractions.     Hence  the  blood  thrown  out  by  the  contractions  of  the 
ventricles  into  the  aiieries  is  less,  and  blood-pressure  falls.    It  was 
formerly  supposed  that  section  of  the  accelerators  did  not  change  the 
rhythm  of  the  heart,  but  Reid  Hunt  has  shown  that  after  extirpation  ol 
the  inferior  cervical  ganglion  and  the  first  thoracic  on  the  two  sides, 
the  vagi  having  been  previously  divided,  the  number  of  the  heart-beal^ 
diminishes.     Vagus  inhibition  could  be  more  readily  produced  afte^ 
the  removal  of  the  influence  of  the  accelerators ;  hence  the  accelerator 
nerves,  like  the  vagi,  are  always  active  in  the  normal  heart.     Th^ 
accelerators  produce  their  effects  much  better  when  the  heart  is  beating' 
moderately,  for  after  the  vagi  are  cut  there  is  a  considerable  augmenta— - 
tion  of  the  heart. 

The  accelerators  apparently  have  less  powerful  functions^  for 
when  the  inhibitors  and  they  are  simultaneously  irritated  the  effect 
is  inhibition.  The  phenomenon  is  less,  however,  than  if  the  same 
inhibitors  had  been  stimulated  by  themselves.  Aside  from  their  great 
and  primary  differences  as  to  the  effects  produced,  the  accelerators 
differ  in  that  they  require  a  greater  intensity  of  stimulus  to  produce 
any  results;  also  in  that  a  comparatively  long  latent  period  precedes 
every  effect.  In  every  respect  the  accelerators  seem  to  be  directly 
opposite  to  the  inhibitors.     They  are  the  antagonists  of  the  inhibitors. 

Cardio-accelerator  Eeflexes. — H.  E.  Hering  has  shown  by  experi- 
ments upon  rabbits  tliat  the  increased  heart-beat  by  muscular  exercise 
does  not  ensue  if  the  accelerator  nerves  have  been  divided,  here  a 
cardio-accelerator  reflex  exists.  Aulo  arrives  at  the  previous  con- 
clusion of  Johansson  that  the  increased  heart-beat  after  muscular 
exercise  is  neither  due  to  chemical  products  of  muscle  activity  nor  to 
peripheral  irritation,  but  to  an  associated  stimulation  of  the  cardio- 
accelerator  center  in  the  passage  of  a  motor  impulse. 

D.  R.  Hooker,  after  section  of  the  vagi  and  slowing  of  the  heart 
by  peripheral  stimulation  of  one  vagus,  obtained  acceleration  of  the 
rate  of  the  heart  by  irritation  of  the  sciatic,  splanchnic  and  other 
nerves.  All  these  facts  indicate  that  the  accelerator  center  stands  in  a 
reflex  relation  to  the  peripheral  nerves. 

Reid  Hunt  believes  that  it  is  rather  the  cardio-inhibitory  centers 
which  are  inhibited  than  a  reflex  action  exciting  the  cardio-accelerator 
centers. 
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Ludwig  liolds  that  the  reduction  of  blood-pressure  in  the  capillaries 
of  the  brain,  but  particularly  those  of  the  medulla,  excites  the  acceler- 
ators. Oxygen  is  an  accelerator.  When  the  heart  beats  rapidly 
from  any  agreeable  cause,  or  one  feels  "light  at  heart,"  the  manifesta- 
tion ifl  due  to  the  influence  of  the  accelerator  fibers  on  the  heart. 

Here  a  psychical  action  excites  the  center  of  the  accelerator. 

Thus,  the  heart  is  controlled  by  two  nerves  whose  functions  are 
diametrically  opposite  in  character.  They  establish  a  system  of 
"check'*  upon  one  another,  each  normally  preventing  extremes  in  the 
action  of  the  other. 

Influence  of  Drags. — ^Because  of  the  complicated  action  of  various 
drugs  upon  the  heart,  many  observers  are  led  to  believe  that  there  are 
various  internal  mechanisms  of  the  heart  upon  which  these  substances 
act.  Besides  acting  upon  the  muscular  tissue,  some  are  found  which 
exert  influences  upon  the  intracardiac  nerves.  The  two  drugs  that  are 
most  familiar  to  the  physiologist  and  with  which  he  is  most  engaged 
in  performing  his  experiments  are  atropine  and  muscarine.  Their 
actions  are  both  nervous.  Thus,  atropine  paralyzes  the  inhibitory  post- 
ganglionic fibers  of  the  vagus,  thereby  giving  the  accelerators  full  sway, 
the  consequence  being  augmentation  of  the  heart's  beats.  On  the  other 
hand,  muscarine  stimulates  permanently  the  inhibitory  postganglionic 
fibers  so  that  the  heart-beats  are  slowed,  or,  if  the  dose  be  large  enough, 
complete  arrest  of  heart  movement  follows. 

If  a  frog's  heart  be  excised  and  placed  in  a  suitable  vessel  and  a 
few  drops  of  a  very  dilute  solution  of  muscarine  be  placed  upon  it,  its 
beats  will  soon  cease  and  it  will  continue  quiescent  as  long  as  the 
muscarine  remains  upon  it.  When  the  muscarine  is  removed  and 
atropine  applied  to  the  heart,  its  regular  beats  manifest  themselves 
within  a  short  time.  Pilocarpine  also  stimulates  the  cardio-inhibitory 
postganglionic  fibers  and  slows  the  heart.  Atropine  removes  this  and 
the  heart  beats  faster. 

Some  drugs  produce  results  by  their  effects  upon  the  heart-muscle 
alone,  either  stimulating  or  depressing  the  same.  Thus,  the  muscular 
contractions  are  rendered  more  forceful  while  the  rate  is  uninfluenced 
by  the  action  of  strophanthus,  etc.  The  muscular  contractions  are 
depressed  by  veratrum,  aconite,  etc. 

In  addition  to  drugs  influencing  the  heart's  action  by  effects  upon 
its  muscle  and  ganglionic  nerve  terminations,  some  exert  an  influence 
upon  the  vagus  center  in  the  medulla  oblongata.  Thus,  aconite  and 
adrenalin,  by  stimulating  this  center,  produce  a  slowing  of  the  heart- 
beats. 
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Digitalin  on  the  frog's  heart  augments  the  duration  and  force  of 
ventricular  systole,  slows  diastole,  and  the  arrest  of  the  heart  takes 
place  in  systole.  This  systolic  stop  of  the  heart  ensues  after  section  of 
the  vagi  or  after  the  use  of  atropine,  and  is  an  action  on  the  muscle. 
At  other  times  the  heart  is  slowed  and  arrest  takes  place  in  diastole, 
due  to  an  action  of  digitalin  on  the  cardio-inhibitory  apparatus.  This 
diastolic  arrest  does  not  ensue  after  the  previous  use  of  atropine.  In 
the  warm-blooded  heart,  we  have  a  diminution  of  rate  of  the  heart-beat, 
by  digitalin  and  at  the  same  time  strengthening  of  the  systolic  force. 
Hence  digitalis  does  the  heart  good  by  slowing  the  heart,  increasing  its 
rest  in  diastole  and  toning  up  its  muscular  structure. 

Some  heart-poisons  in  small  doses  diminish  the  heart's  action  and 
in  large  doses  usually  accelerate  its  movements;  or  the  converse  may 
be  the  truth  with  regard  to  the  doses  of  other  drugs. 

Nicotine. — ^The  vagus  fibers  arborize  around  the  nerve-cells  of 
the  crescent,  the  seat  of  Eemak's  ganglia  in  the  frog's  heart  and  from 
these  ganglia  new  nerve-fibers  run'  to  the  heart-muscle.  The  fibers 
running  to  arborize  around  Kemak's  ganglion  or  the  crescent  are 
called  preganglionic  fibers;  those  running  from  the  ganglion  to  the 
heart-muscle  are  postganglionic. 

Nicotine  at  first  slows  the  heart  l)ecause  it  has  a  stimulant  action 
on  the  nerve  terminals  in  Remak's  ganglion  and  on  the  vagus  center  in 
the  brain.  But  soon  after  the  use  of  nicotine  stimulation  of  the  vagus 
is  without  inhibitory  eifect  because  nicotine  paralyzes  the  terminals  of 
the  nerve  or  the  receptive  substance  of  the  cells  in  the  ganglion  of 
Remak.  Stimulation  of  the  crescent  after  the  use  of  nicotine  stops  the 
heart  because  the  postganglionic  fibers  from  the  crescent  are  still 
active.  These  fibers  are,  however,  poisoned  by  a  dose  of  atropine. 
After  a  dose  of  nicotine,  stimulation  of  the  crescent  often  causes  marked 
acceleration  of  the  heart,  because  the  accelerator  fibers  running  in  the 
vagus  are  stimulated,  as  they  have  no  nerve-cells  in  their  intracardiac 
course  and  go  direct  to  their  termination  in  the  muscle. 

StanniuB  Heart. — If  in  a  frog^s  heart  the  Stannius  ligature  be 
applied  around  the  heart  at  the  junction  of  the  sinus  with  the  auricle, 
the  auricle  and  ventricle  stand  still  in  diastole,  and  it  is  then  called  a 
Stannius  heart. 

Minimal  Stimnlns  Causes  Maximal  Contractian. — If  vou  excite 
once  a  minute  the  apex  of  a  Stannius  heart  with  an  induced  current  of 
necessary  intensity,  commencing  with  currents  too  weak  to  cause  a 
contraction,  it  will  be  found  that  finally  the  heart  contracts.  If  the 
current  is  augmented,  still,  a  contraction  ensues  of  the  same  height 
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as  at  first.  The  height  of  the  contraction  is  independent  of  the 
intensity  of  the  electric  current.  In  other  words,  with  very  weak 
induction  currents  the  heart  either  does  not  contract,  or,  if  it  con- 
tracts, does  its  beet.  With  ekeletal  muacle,  increasing  the  strength  of 
the  electrical  gtimutus  increases  the  height  of  contraction. 

As  the  cardiac  contractions  are  always  maximal,  they  make  the 
heart  independent  of  the  strength  of  the  stimulus  and  prevent  strong 
utimuli  from  producing,  in  man,  excessive  contractions. 

Staircase  Contraction  of  Bowditch. — In  a  Stanniused  heart 
where  the  ventricle  is  quiescent,  single  induction  shocks  of  a  con- 
stant strength,  applied  at  intervals  of  five  seconds,  will  produce  con- 
tractions. It  IB  found  that  for  the  first  five  beats  the  contractions 
become  longer  with  each  irritation.  After  that  they  remain  about 
the  same.     This  is  called  the  staircase  phenomena  of  cardiac  muscle. 


^"'g-  86.— "SUircase"  of  BMta  of  k  Stanniuwd  Frog's  Heart 
Exrited  by  Maximal  Induction  Shocks  at  Intervals  of  Three  Seconds. 
(  Walub.  ) 

This  is  also  seen  in  skeletal  muscle  Dr.  F.  S.  Lee  holds  that  this  is 
due  to  fatigue-products. 

Befractory  Period  of  the  Heart. — Marey  observed  that  the 
irritability  of  the  heart  to  weak  electrical  currents  decreased  during 
pystole  and  increased  during  diastole.  Thus,  a  weak  induction  cur- 
rent applied  to  a  heart  during  systole  does  not  call  out  a  contraction, 
but  only  during  diastole. 

When  a  stimulus  is  thrown  in  at  any  point  between  the  maxi- 
mum of  the  systole  and  the  beginning  of  the  next  contraction,  it 
causes  what  is  denominated  an  extra-contraction,  which  is  followed 
by  a  longer  pause  than  usual,  the  compensating  pause. 

The  irritability  being  much  lowered  from  the  decomposition  of 
energy- hoi  ding  compounds  is  the  cause  of  no  contraction  when  the 
stimulus  is  thrown  in  during  systole. 

This  compensatory  pause  is  due  to  the  dependence  of  the  ven- 
tricular beat  upon  the  beat  of  the  auricle.  When  the  auricle  or 
'  ventricle  is  isolated  the  refractory  period  will  not  ensue.     In  a  heart 
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Then  Binger,  in  1883,  discovered  that  his  solution,  known  by  his 
name,  was  capable  of  keeping  the  lieart  beating  for  hours.  It  consists 
of  sodium  chloride  solution,  0.7  per  cent.;  calcium  chloride,  0.00026 
per  cent. ;  solution  of  potassium  chloride,  0.035  per  cent.  Oxygen  is 
very  beneficial  when  added  to  the  Ringer  solution. 

Blood-corpuscles  are  not  necessary  for  the  contraction  of  the 
mammalian  heart.  Carbonic  acid  reduces  the  contractile  force  and 
rate  of  the  heart-beat. 

Locke  iound  that,  by  adding  a  1-per-cent.  solution  of  dextrose 
to  Ringer's  fluid  provided  with  oxygen,  it  kept  tlie  mammalian  heart 


Fig.  88. — To  Illustrate  the  Varying  Excitability  of  the  Frog's  Heart 
at  Different  Periods  of  Systole  and  Diastole.     (Walleb.) 

The  excitability  is  lowest  during  the  first  half  of  systole,  greatest  during 

the  second  half  of  diastole. 


beating  for  hours.  Hering,  by  an  artificial  circulation,  restored  the 
heart-beat  for  several  hours  in  a  man  who  had  been  dead  eleven  hours. 
Kuliabko,  by  Binger^s  solution,  restored  the  heart  in  animals  who  had 
been  dead  four  days. 

D^Halluin  obtained  in  the  heart  of  infants,  by  means  of  Locke's 
solution,  feeble  rhythmic  contractions  of  the  ventricles  24  hours  after 
death.  He  also  observed  energetic  contractions  of  the  auricles  42 
hours  after  the  infant's  death.  In  a  dead  monkey,  Hering,  with 
artificial  circulation,  found  the  vagus  retained  its  inhibitory  power 

« 

for  six  hours  after  death,  whilst  the  accelerator  was  active  over  fifty- 
three  hours  after  death. 

Porter  has  found  that  the  mammalian  heart  beats  best  when  Fup- 
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plied  with  blood  from  the  same  species  of  animals.  Howell  fomd 
that  the  ions  of  potassium  salts  are  concerned  mainly  in  the  productioQ 
of  relaxation  or  diastole.  The  heart-muscle  contains  a  considerable 
store  of  potassium.  Loeb  and  Lingle  believe  that  the  ions  of  sodium 
have  the  most  direct  relation  in  the  starting  of  the  contractions  of  the 
heart.  Kinger  and  Howell,  however,  hold  it  is  rather  the  calcium  salts 
which  are  most  directly  concerned  in  the  production  of  the  cardiac 
contraction.  Howell  believes  the  role  of  the  calcium  salts  or  calcium 
and  sodium  salts  consists  in  replacing  the  potassium  and  converting  a 
part  of  the  store  of  stable  material  into  an  unstable,  easily  dissociable 
compound. 

Howell's  theory  is  as  follows :  The  well-nourished  heart  contains 
a  large  supply  of  energy-yielding  material  which  is  in  a  stable  form, 
so  that  it  neither  dissociates  spontaneously  nor  can  be  made  to  do  w 
by  the  action  of  external  stimuli.  It  is  possible  that  this  stable,  non- 
dissociable  form  consists  of  a  compound  between  it  and  the  potassium 
or  potassium  salts,  and  that  herein  lies  the  functional  importance  of  the 
large  amount  of  potassium  contained  in  the  tissue.  This  compound 
reacts  with  the  calcium  or  with  the  calcium  and  sodium  salts  and  a 
portion  of  the  potassium  is  replaced  and  a  compound  is  formed  whid 
is  unstable.  At  the  end  of  the  diastolic  period  this  compound  reaches 
a  condition  of  such  instability  that  it  dissociates  spontaneously,  giving 
rise  to  the  chain  of  events  that  culminates  in  the  normal  systole. 

Howell  infers  from  experiments,  that  within  certain  limits  an 
increase  and  a  decrease  of  potassium  salts  when  perfused  in  the  terra- 
pin's heart  increases  and  decreases  the  sensitiveness  of  the  heart  to 
inhibition  by  the  vagus.  Vagus  inhibition  is  accompanied  by  an  out- 
put of  potassium,  according  to  Howell. 

Busquet  and  Pachon  have  shown  that  the  perfusion  of  isotonic 
solutions  of  sodium  through  the  frog's  heart  in  situ,  causes  the  vagus 
and  the  sinus  to  lose  their  power  of  inhibition.  If,  however,  one  part 
of  calcium  chloride  is  added  to  50,000  parts  of  the  isotonic  solution  of 
sodium,  then  the  inhibitory  power  of  the  vagus  returns.  The  function 
of  calcium  here  is  specific  in  maintaining  the  activity  of  the  cardio- 
inhibitory  apparatus.  Aucr  and  Meltzer  have  shown  that  a  weak 
infusion  of  calcium  restores  the  irritability  of  the  vagus,  which  has 
been  greatly  reduced  by  a  magnesium  salt.  Larger  doses  of  calcium 
abolished  the  irritability  of  the  normal  vagus. 

It  seems  that  calcium  is  more  concerned  with  inhibition  than 
potassium.  Howell  and  Duke  found,  when  they  perfused  the 
mammalian  heart  for  hours,  and,  at  the  same  time  stimulated  the 
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accelerators  for  a  long  period,  that  the  perfused  liquid  showed  no 
^ri&tion  in  its  content  of  potassium  or  calcium. 

Langendorff  and  Engelmann  believe  that  some  specific  substance  is 
formed  in  metabolism  of  the  cardiac  muscles,  a  so-called  specific  inner 
gtimulos  is  the  origin  of  the  heart-beat.  The  inorganic  salts  are  only 
accessory  in  the  production  of  this  stimulus. 

Effect  of  Temperature. — The  heart  of  the  frog  or  the  excised 
htrt  of  the  mammal  is  very  sensitive  to  temperature  changes.  Heat 
increases  the  beat  and  cold  slows  it,  and  the  variations  in  the  heart-beat 
Tary  directly  with  the  changes  of  temperature.  The  heart-beat  of  a 
cat  at  104  degrees  F.  is  four  times  more  rapid  than  at  59  degrees  F. 
As  the  temperature  of  the  heart  falls  the  height  of  the  contraction 
increases  up  to  a  certain  point,  and  at  the  same  time  the  shortening 
becomes  slower  and  more  prolonged.  The  rate  and  force  of  the 
beart  in  cold-blooded  animals  reaches  its  optimum  at  about  86  degrees 
F.   Above  this  the  beats  decrease  in  force  and  also  in  rate,  becoming 

Fig.  89. — V'ariationa  in  Tonus  of  Auricle  of  Terrapin's  Heart.     (Fano.) 

irregular.  Newell  Martin  determined  the  effect  of  heat  on  the  heart 
of  warm-blooded  animals.  He  found  that  the  highest  temperature  at 
rhich  the  heart  will  beat  is  about  112  degrees  F.  It  ceases  to  beat  at 
a  temperature  of  64  degrees  F.  In  fever  we  have  a  rapid  heart-beat, 
due  to  the  elevation  of  temperature. 

Tonns  of  the  Heart. — ^Tlie  volume  of  the  heart  and  the  capacity  of 
its  cavities  are  kept  always  somewhat  reduced  as  a  result  of  a  slfght 
tonus  in  its  fibers. 

Heart-muscle,  like  other  muscle,  is  never  entirely  relaxed  or  com- 
pletely contractoil.  Fano  has  shown  that  the  auricles  of  the  turtle 
undergo  a  series  of  changes  in  tonus  in  the  muscles,  which  represent 
the  ordinary  contractions  of  the  heart.  The  venous  end  of  the  heart 
has  the  greatest  tonus.  These  changes  in  tonicity  are  nearly  always  a 
result  of  pressure  upon  the  auriculo-ventricular  groove.  The  ventricle 
very  seldom  has  alterations  of  tonus.  Fano  believes  these  changes  in 
tonus  are  myogenic.  He  thinks  these  alterations  in  tonus  are  due  to  a 
.substance  different  from  that  which  causes  the  usual  contractions  of 
the  heart 
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Bottazzi  holds  that  the  tonus  is  due  to  sarcoplasm.  The  currei 
he  believes  should  be  considered  spontaneous  isometric  curves  of 
sarcoplasm.  Muscarin  stimulates  the  changes  in  tonus ;  atropin  ind 
nicotin  completely  paralyze  them.  The  tone  of  a  heart  is  not  constant, 
and  it  opposes  dilatation  of  the  heart  from  pressure  on  the  inside  of  iti 
cavities  during  their  relaxation. 

Lessening  in  tone  is  one  of  the  most  frequent  occurrences  in  heart 
disease,  and  when  tone  is  decreased,  conductivity  and  excitability  are 
increased ;  and  this  may  explain  some  of  the  most  frequent  cases  of 
irregularity  of  the  cardiac  organ. 

Digitalin  applied  to  the  heart-muscle  of  the  terrapin,  shortens  it,  J 
raises  the  line  of  tonicity  of  the  auricles  and  diminishes  the  rate  and 
the  variations  in  tonicity.     In  man  digitalis  has  the  power  to  increase 
the  tone  of  cardiac  muscle,  and  prevent  dilatation  of  the  heart.    The 
poisons  of  diphtheria  and  influenza  lower  heart-tone. 

THE  ARTERIES. 

All  vessels  leaving  the  heart  are  arteries.     From  it  proceed  the 
aorta  and  pulmonary  artery,  the  former  from  the  left,  the  latter  from 
the  right  ventricle.     All  of  the  branches  of  the  arteries  continue  to 
divide  to  form  smaller  arteries,  these  in  turn  become  arterioles,  which 
are  followed  by  capillaries  (hair-like  vessels) .    To  cause  as  little  friction 
as  possible  the  branches  are  almost  uniformly  given  off  at  an  acute 
angle.     The  total  area  of  the  cross-sections  of  the  branches  is  usually 
greater  than  the  sectional  area  of  the  original  trunk  from  which  the 
branches  sprung.     As  the  distance  from  the  source  is  increased  the 
area  supplied  by  the  branches  is  increased  also,  giving  the  general 
impression  of  a  cone  in   its   contour;    its  base  is  outlined  by  the 
capillaries,  its  apex  being  represented  by  the  point  from  which  the 
branch  springs  from  the  parent  trunk. 

The  pulmonary  artery  arises  fnmi  the  right  ventricle  in  front 
of  the  origin  of  the  aorta  under  whose  arch  it  very  shortly  passes, 
then  to  divide  into  two  main  branches,  one  for  each  lung.  Within 
the  lung-substance  they  divide  and  subdivide  very  rapidly  to  form 
numerous  capillaries,  in  order  that  the  blood  may  become  thoroughly 
oxidized.  The  arteries,  (unlike  veins)  are  usually  found  empty  and 
dilated  after  death. 

Arterial  Structure. — The  walls  of  the  arteries  are  composed  of 
three  coats:  an  internal  one  of  endothelial  nature,  the  tunica  intima: 
a  middle  coat  of  muscular  fibers,  tunica  media;  and  an  external, 
cellular  coat,  tunica  adventitia. 
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Tunica  Intima. — The  tunica  intima  of  the  arteries  is  the  thin- 
nest coat,  the  most  transparent  and  elastic.  These  properties*  per- 
mit the  caliber  of  the  artery  to  be  enlarged  without  any  great  danger  of 
rupturing  its  walls. 

Tunica  Media. — It  is  composed  of  two  varieties  of  tissue:  (1) 
muscular  and  (2)  elastic. 

The  unstriped  muscular  fibers  run  in  a  circular  direction  around 
the  vessels.  In  the  large  arteries  there  is  a  predominance  of  elastic 
tissue;  in  the  arterioles  there  is  no  elastic,  but  muscular  tissue.  The 
contractility  of  the  arteries  depends  upon  the  muscular  tissue. '  Where 
there  is  an  excess  of  elastic  tissue  there  is  very  little  muscular  tissue 
in  the  blood-vessel,  and  where  the  elastic  tissue  is  at  a  minimum 
tliere  is  a  maximum  of  muscuiar  tissue. 

Tunica  Adventitia. — This  coat  is  composed  of  bundles  of  con- 
nective tissue  with  some  elastic  tissue. 

Yasa  Vasouum. — Like  every  other  tissue,  the  wall  of  the  ves- 
sels needs  nutritive  supplies.  This  is  supplied  by  small  capillaries 
which  run  only  in  the  tunica  adventitia  of  the  blood-vessel.  To  these 
vessels  has  been  given  the  name  of  vasa  vasorum. 

VEINS. 

Like  the  arteries,  veins  are  branching  tubes ;  but  they  are  larger, 
more  numerous,  and  as  a  consequence  have  more  capacity  to  hold 
blood.  Veins  have  their  beginnings  in  the  capillary  vessels,  which 
by  gradually  uniting  form  the  small  veins.  These  small  veins  unite 
to  form  larger  ones,  the  ven®  cava,  which  empty  into  the  right 
auricle.  The  veins  have  about  three  times  the  capacity  of  the  arteries. 
The  veins  consist  of  a  superficial  and  deep  set,  the  former  not 
associated  with  the  arteries  and  being  subcutaneous,  the  deep  set 
usually  running  along  the  side  of  the  artery  and  hence  called  vense 
comites.  Anastomoses  between  tlie  veins  of  large  size  are  more  fre- 
quent than  in  the  corresjmnding  arteries.  The  veins,  like  the  arteries, 
have  an  external,  a  middle,  and  an  internal  coat.  The  coats  of  the 
veins  are  much  thinner  than  the  coats  of  the  arteries,  and  when 
divided  the  veins  collapse,  while  the  arteries,  divided,  stand  open. 
The  walls  of  the  veins  are  inelastic. 

Valves. — The  chief  feature  of  the  veins  are  the  valves,  which  are 
BO  arranged  as  to  prevent  the  blood  from  flowing  backward.  The 
valves  ordinarily  are  in  pairs  opposite  each  other  and  are  formed  of 
crescent-shaped  doublings  of  the  lining  membrane  of  the  veins,  with 
some  interposed  fibro-elastic  tissue.    The  valves  are  directed  toward 
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the  heart.    If  a  vein  is '  compressed  the  blood  is  driven  back  and 
presses  the  valves  inward  and  closes  the  vein.    The  pulmonary  veiiw 
contain  no  valves,  and  the  same  may  be  said  for  the  superior  and 
inferior  vensB  cavffi,  the  portal  vein,  and  most  of  those  of  the  head 
and  neck.    The  veins  of  the  lower  extremities  contain  more  valves 
than  the  corresponding  vessels  of  the  upper  extremity.     In  certain 
organs  channels  are  seen  lined  with  an  extension  of  the  internal  coat 
of  the  vein,  which  are  called  venous  sinuses,  as  in  the  dura  mater 
and  uterus.     Vasa  vasorum  are  also  distributed  to  the  veins.    In  the 
coats  of  both  arteries  and  veins  are  lymph-spaces. 

The  nerve-supply  to  the  arteries  is  liberal,  to  the  veins  much 
less  so.  The  supply  is  derived  chiefly  from  the  sympathetic  system, 
with  a  few  filaments  from  the  cerebro-spinal  system. 

THE  CAPILLARIES. 

The  smallest  arteries  suddenly  divide  into  an  extremely  fine  net- 
work of  hair-like  tubes,  the  capillaries.  These  furnish  .the  comaect- 
ing  link  between  arteries  and  the  beginnings  of  veins.  They  serve 
as  the  intermediate  agent  in  all  structures,  between  the  arteries  and 
the  veins. 

Each  capillary  tube  is  from  V2000  to  Vsooo  inch  in  diameter, 
while  it  averages  Vao  i^^ch  in  length. 

Capillaries  are  composed  of  the  same  kind  of  endothelial  cells 
as  the  intima  of  the  arteries;  in  fact,  the  capillaries  seem  to  be  the 
prolongations  of  the  lining  of  the  arteries.  Their  walls  are  made  up 
of  a  single  layer  of  lance-shaped  endothelial  cells.  In  the  wall  of  the 
capillary  between  the  cells  we  find  the  cement-substance  which  permite 
the  blood-corpuscles  to  penetrate  it  in  diapadesis.  These  little  vessels 
penetrate  the  spaces  between  the  cells  of  the  tissues  in  such  a  fine 
network  that  many  of  the  cells  are  in  contact  with  several  vessels.  So 
closely  arranged  are  they  that  the  point  of  a  very  fine  needle  cannot 
enter  the  skin  without  injuring  some  of  them. 

The  total  capacity  of  the  capillaries  is  about  three  hundred  times 
that  of  the  arteries. 

THE  CIRCULATION  OF  THE  BLOOD. 

The  physicians  and  naturalists  of  antiquity,  even  at  the  epoch 
when  they  were  permitted  to  get  enlightenment  from  anatomy, 
remained  in  ignorance  of  the  circulatory  movement  of  the  blood. 
The  circulatory  apparatus  is  not  one  of  those  the  mere  inspection 
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of  which  could  reveal  its  function ;  in  fact,  when  viewed  in  a  cadaver 
illusions  are  very  apt  to  rise.  In  it  the  arteries  are  empty  and  show 
a  gaping  cavity  when  incised,  so  that  they  were  thought  to  contain 
air  or  some  subtle  spirit,  the  latter  taking  its  origin  in  the  ventricles 
of  the  brain  to  reach,  in  some  unaccountable  manner,  the  circula- 
tory system.  To  them  the  name  artery  was  given,  since  the  veins 
aioDe  were  believed  to  be  the  true  blood-vessels.  Such  was  the 
opinion  entertained  by  men  who  lived  in  the  fourth  and  fifth  cen- 
tnnes  before  the  Christian  era. 

In  the  second  century  of  our  era  Galen  discovered,  by  means  of 
nvisections,  that  the  arteries  contain  blood.  He  even  admitted  that 
the  arteries  communicated  with  the  veins.  But,  as  if  to  pay  his  debt 
to  error,  he  professed  that  the  two  hearts  are  in  communication  with 
one  another  through  numerous  apertures  which  riddle  the  septum 
tliat  separates  the  two.  For  nearly  fourteen  centuries  the  opinions 
)f  Galen  had  inviolate  authority,  when  it  was  finally  ascertained  by 
i^esalius  that  the  separating  septum  was  not  perforated.  It  was 
W^ichael  Servetus  who,  in  a  theological  work,  cleaHv  pointed  out  the 
l^asage  of  the  blood  from  the  right  heart  to  the  left  through  the 
pulmonary  blood-vessels.  His  system  was  true,  but  not  based  upon 
experiment,  since  he  knew  nothing  of  the  heart's  force  and  valves. 

It  was  in  1628  that  William  Harvey  published  his  immortal  dis- 
covery of  the  circulation  of  the  blood.  True,  a  great  deal  had  been 
suspected  and  there  abounded  a  perfect  chaos  of  confused  and  scat- 
tered facts.  He  established  by  numerous  and  admirably  interpreted 
experiments  his  doctrine  of  the  two  circulations :  great  and  small. 

To-day  it  would  be  superfluous  to  recall  all  of  the  arguments 
which  Harvey  had  to  make  use  of  to  prop  up  that  doctrine.  There- 
fore there  will  be  stated  here  only  some  of  his  experimental  proofs, 
the  interpretation  of  which  appears  easy  to  us  in  the  light  of  our 
present  knowle^lge. 

When  an  artery  is  opened,  said  Harvey,  the  blood  issues  in 
mequal  jerks,  alternately  weaker  and  stronger.  The  stronger  coin- 
•ides  with  diastole  of  the  artery  and  consequently  with  ventricular 
\ysiole.  Also,  if  an  artery  of  a  living  animal  be  cut  across,  the  blood 
continues  to  gush  by  jerks  from  that  end  of  the  vessel  still  in  com- 
nunication  with  the  heart,  whereas  it  soon  ceases  to  flow  from  that 
ievered  end  which  is  more  remote  from  the  central  organ. 

When  the  arm  is  bound,  as  for  bleeding,  the  veins  swell  up 
)elow  the  ligature  to  become  knotty  on  a  level  with  their  valves.  If 
force  be  attempted  to  press  the  blood   away  from  the  heart,  the 
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knotB  become  more  marked ;  on  the  contrary,  if  the  blood  be  pressed 
toward  the  heart,  it  passes  freely.  From  this  Harvey  deduced  that 
the  direction  of  the  venous  blood  is  from  the  periphery  to  the  heart 

When  an  artery  is  obstructed,  the  blood  accumulates  between  the 
heart  and  the  obstacle ;  on  the  contrary,  the  accumulation  in  the  case 
of  a  vein  is  between  the  obstructed  point  and  the  general  capillaries. 
In  the  arteries,  therefore,  the  blood  flows  from  the  heart  to  the 
extremities ;   in  the  veins,  from  the  extremities  toward  the  heart. 

If  an  artery  be  completely  severed  and  the  animal's  blood  be 
permitted  to  flow,  all  of  its  blood  will  eventually  pass  through  the 
opening.  Would  this  occur  if  there  were  not  a  continual  passage  of 
the  blood  from  the  heart  to  the  arteries,  then  to  the  veins,  and  finally 
to  the  heart  again ;  that  is  to  say,  a  true  circulation  ? 

This  great  physiologist  also  observed  that  if  poison  be  injected 
at  but  a  single  point  there  will  follow  a  general  constitutional  dis- 
turbance, explained  only  by  the  movement  of  this  vital  fluid  through- 
out the  entire  body. 

To  be  able  to  ascertain  by  vision  the  direct  passage  of  the  blood 
from  the  arteries  into  the  veins  was  not  allowed  Harvey.  It  was 
left  to  Malpighi,  who,  in  16G1,  while  examining  the  lung  and  mesen- 
tery of  a  frog  with  the  aid  of  a  microscope,  was  able  to  note  the 
circulation  of  the  blood  in  the  capillary  blood-vessels.  The  spec- 
tacle of  capillary  circulation  within  the  web  of  a  frog's  foot  or  tail 
of  a  tadpole  is  within  the  reach  of  every  student.  Harvey  was 
denied  this  from  lack  of  lenses  powerful  enough  to  demonstrate  it. 

Now  that  the  general  plan  of  the  circulation  has  been  noted, 
attention  is  naturally  turned  toward  the  principles  governing  the 
flow  of  the  blood.  The  mechanical  act  of  impulsion  can  be  readily 
imitated  by  physical  apparatus,  but  physics  do  not  account  for  a  cer- 
tain part  of  the  body  receiving  blood,  now  more,  now  less,  abundantly; 
becoming  congested  or  pale,  warm  or  cold;  and  at  the  same  time  the 
impetus  remaining  perceptibly  the  same. 

By  employing  a  simple  piece  of  apparatus,  designed  by  E.  H. 
Weber,  the  main,  simple,  physical  phenomena  of  the  circulation  may  be 
simulated.  To  imitate  the  Harveian  circuit,  take  a  piece  of  small 
intestine,  sufficiently  long,  and  join  the  two  ends  so  that  there  is  formed 
a  closed  and  circular  conduit.  A  part  of  this  elastic  conduit  is  limited 
by  two  valves  which  open  according  to  the  direction  it  is  desired 
that  the  current  of  liquid  should  go.    The  arrangement  of  the  valves  is 
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CIRCULATION  IN  THE  BLOOD-VESSELS. 

This  field  of  physiology  presents  problems  of  a  physical  nature, 
in  that  the  flow  of  the  liquid,  blood,  is  through  tubes.  But  it  must 
be  remembered  that  the  tubes  employed  in  the  circulation  are  living, 
more  or  less  elastic  ones,  and  that  physical  laws  are  correspondingly 
altered. 

The  analogy  between  the  nervous  system  and  the  telegraphic 
system  is  a  very  striking  one,  and  is  much  used  by  physiologists  and 
others.  Even  more  forceful  is  the  analogy  between  the  circulatory 
system  and  the  system  of  water-supply  of  a  town  or  city,  except  that 
there  is  no  return  of  the  latter^s  fluid  to  the  starting-place.  The 
water  starts  upon  its  flow  from  the  elevated  reservoir  to  pass  through 
large  mains  at  first  and  is  distributed  through  branches  that  become 
smaller  and  smaller  as  they  subdivide  on  their  way  to  different 
houses.  Likewise,  the  blood  starts  from  the  centrally  located,  plump- 
ing heart,  passes  through  large  trunks  at  first,  to  be  distributed 
through  branches  that  become  smaller  and  smaller  as  they  subdivide 
on  their  way  to  different  tissues.  In  short,  the  physical  laws  of  the 
circulation  are  the  modified  physical  laws  of  the  flow  of  liquids 
through  tubes.  From  this  it  will  be  readily  deduced  that  a  com- 
petent knowledge  of  the  laws  of  circulation  must  be  preceded  by  some 
knowledge  of  physical  laws.  These  will  be  referred  to  from  time  to 
time  in  the  treatment  of  the  present  subject. 

The  flow  of  liquid  is  caused  by  a  difference  of  pressure  between 
the  different  parts  of  a  body  of  liquid.  The  attraction  of  the  earth 
(gravitation)  provides  a  continuous  pressure  which  will  produce  a 
flow  of  liquid  along  channels  or  through  tubes,  provided  the  source 
be  elevated  and  the  outlet  low. 

The  circulation  through  the  heart-vessels  is  also  caused  by  a 
difference  in  pressure  due  to  the  primary  propelling  force  of  the 
heart-action.  That  is,  the  pressure  in  it  exceeds  that  of  the  arteries; 
the  latter's  pressure,  kept  high  by  the  heart's  force  and  peripheral 
resistance,  is  greater  than  that  in  the  capillaries.  Though  that 
exerted  in  the  capillaries  is  small,  it  is  yet  in  excess  of  that  existing 
in  the  veins.  The  lowest  pressure  is  found  in  the  blood  about  to 
enter  the  heart  after  having  first  made  its  circuit  through  the  body- 
tissues.  The  direction  of  the  flow  of  any  liquid  is  always  from  the 
higher  pressure  toward  the  lower;  therefore  the  flow  of  blood  within 
tlie  body  is  from  the  heart  around  through  the  body  back  to  the  heart 
again ;  that  is,  it  circulates. 
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ELASTICITY  OF  THE  ARTERIES. 

It  is  known  that  the  blood  is  sent  out  by  the  heart  in  an  inter- 
^ttent  manner,  each  contraction  of  the  ventricle  pushing  a  mass, 
«s   the  stroke  of  the  piston  of  a  force-pump  would  do.     If,  however, 
^he  movement  of  the  blood  in  the  capillaries  is  observed  with  a  micro- 
^^c>pe  it  is  ascertained  that  in  the  normal  state  it  is  perfectly  con- 
^^^iiious.    The  movement  of  blood  has  been  transformed  in  its  course 
^**<::^ra  the  heart  to  the  extremities.     This  transformation  of  the  move- 
'^^^nt  is  due  to  the  elasticity  of  the  arteries.     Hydraulics  had  ascer- 
^^  ined  this  remarkable  effect  of  elasticity  in  fire  engines,  for  example ; 
^«  water  from  the  machine  is  rendered  less  jerky  by  running  liquid 
^^dcr  a  bell  filled  with  air;   the  elastic  force  of  the  gas  thus  com- 
transforms  the  brief  and  intermittent  impulsion  of  the  stroke 
a  continuous  stream. 
Intermittent  Afflux  Apparatus. — Marey  has  experimentally  dem- 
^^ustrated  that,  in  the  case  of  intermittent  afflux  of  liquid  in  a  con- 
duit of  a  given  caliber,  the  elasticity  of  that  conduit  increases  the 
ijuantity  of  the  liquid  that  can  penetrate  there  under  a  given  pres- 
sure. 

Suppose  a  force-pump,  from  which  runs  a  tube  furnished  with  a 
stop-cock;  a  tube  which  bifurcates  at  a  point  to  be  continued  by  two 
conduits  of  the  same  caliber.  One  of  these  is  made  with  elastic  walls 
(C),  the  other  with  rigid  walls  (H).  A  valve  placed  in  the  elastic 
tube  prevents  the  liquid  from  flowing  back  from  the  tube,  but  offers 
no  obstacle  to  its  direct  current.  Two  lips  of  the  same  caliber  are 
fitted  to  the  ends  of  the  two  tubes. 

When  the  stop-cock  is  opened  and  the  outflow  is  permitted  to 
establish  itself  in  a  continuous  manner,  both  the  rigid  and  elastic  tubes 
pour  out  the  same  quantity  of  liquid.  If,  on  the  contrary,  the  stop- 
cock be  opened  and  shut  alternately  so  as  to  produce  an  intermittent 
access  of  the  liquid,  the  outflow  is  greater  through  the  elastic  tube 
than  through  the  rigid  tube. 

The  blood-circulation  being  of  the  intermittent  afflux  order,  the 
arterial  elasticitv  is  favorable  to  the  entrance  of  the  blood  thrown  off 
by  the  heart. 

As  the  arteries  are  elastic  the  volume  of  blood  ejected  by  the 
ventricle  is  accommodated  by  the  temporary  enlargement  of  the 
larger  arteries  and  is  driven  forward  according  to  E.  H.  Weber,  by  the 
force  stored  in  their  walls,  so  that  only  a  part  of  the  column  must  be 
moved  at  the  svstole.     The  heart  is  relieved  of  considerable  work  bv  the 
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be  twofold :  On  the  one  hand,  it  saves  the  heart  a  considerable  dis- 
play of  force ;  on  the  other,  it  furnishes  the  small  vessels  with  a  con- 
tinuous and  constant  flow  of  blood. 

Next  in  importance  to  the  elasticity  of  the  vessels  is  the  power  of 
coniractilityj  by  which  the  caliber  of  a  vessel  is  changed  and  the  sup- 
ply of  blood  to  any  part  or  organ  of  the  body  altered.  This  property 
co-operates  with  elasticity,  so  that  the  lumen  of  any  given  vessel  is 
proportionate  to  the  pressure  exerted.  Were  it  otherwise,  at  some 
times  the  pressure  would  be  too  small,  at  other  times  too  great,  for 
the  quantity  of  inclosed  blood.  The  power  of  contractility  is  very 
prominent  in  the  small  arteries. 

THE  PULSE. 

At  each  ventricular  systole  the  ventricular  contents  are  forced 
into  the  arterial  system,  but,  because  of  the  high  peripheral  tension, 
they  are  unable  to  pass  along  as  a  unit.  In  fact,  the  artery  just 
beyond  the  heart  becomes  distended  because  of  this  influx,  but  by 
virtue  of  its  elasticity  it  strives  to  regain  its  normal  caliber,  thereby 
giving  to  the  blood  some  motion.  The  main  impetus  of  the  blood  is 
given  by  the  succeeding  systoles,  until  the  smaller  arteries  are  reached 
when  the  vascular  elasticity  asserts  itself  more,  and  so  helps  along  the 
blood-stream.  By  this  means  the  blood  is  caused  to  circulate.  If  the 
vessels  were  inelastic,  just  as  much  blood  would  be  forced  out  of  the 
veins  into  the  heart  again  as  the  heart  at  each  beat  injects  into  the 
arteries.  Though  the  blood  in  the  elastic  vessels  of  the  body  cannot 
move  freely  as  in  the  inelastic  tubes,  yet  there  is  propagated  at  each 
ventricular  systole  a  wave  which  runs  to  the  periphery  of  the  body. 
This  wave  is  a  transmission  of  a  wave  of  pressure  throughout  th^  length 
of  the  arterial  tree.  The  pulse-pressure  is  the  difference  between  the 
systolic-  and  diastolic-pressures.  To  this  wave  has  been  given  the 
name  pulse.  The  impulsion  moves  very  swiftly  without  the  liquid 
itself  participating  in  that  swiftness. 

The  pulse  of  the  radial  and  the  impulse  of  the  heart  do  not  take 
place  at  the  same  time.  The  radial  pulse  is  perceived  a  short  interval 
after  the  cardiac  impulse.  This  interval  is  termed  the  pulse  delay, 
for  between  the  heart-impulse  and  the  appearance  of  the  radial  pulse 
it  is  seventeen  hundredths  of  a  second.  The  radial  pulse  never 
succeeds  the  second  sound  of  the  heart,  but  is  about  midway  in  time 
between  the  first  and  second  sounds.  The  pulse  is  not  synchronous 
throughout  the  vascular  system,  the  carotid  pulse  is  felt  before  the 
radiaL 
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The  time  comprised  between  the  beginning  of  the  contraction  of 
the  ventricle  and  the  moment  of  the  elevation  of  the  sigmoid  valves, 
sometimes  called  the  pre-sphygmic  interval,  0.04-0.07  second,  makes 
the  first  element  in  the  retardation  of  the  pulse-wave  in  the  beginning 
of  a  cardiac  pulsation.     The  second  element  in  retarding  the  pulse  is 
the  rate  of  the  spreading  of  the  pulse- wave  in  the  arterial  system. 
The  rate  of  the  spreading  of  the  pulse-wave  is  about  30  feet  per 
second,  which  is  very  different  from  the  rapidity  of  the  current  of  blood, 
which  is  about  12  inches  per  second.     The  rapidity  of  the  ventricular 
wave  varies  as  the  force  of  the  heari;,  and  inversely  is  proportional  to 
tlie  resistance  of  the  orifices  and  to  the  arterial  tensions.    When 
a  systole  of  the  heart  is  revealed  by  a  beating  of  the  radial  artery,  there 
is  not,  at  that  moment,  under  one's  finger  a  single  drop  of  the  blood 
thrown  off  by  the  last  systole.     The  pulse  may  be  compared,  to  a  wave 
produced  by  throwing  a  stone  into  the  pond. 

The  three  factors  concerned  in  the  production  of  the. pulse  are: 
(1)  the  action  of  the  heart,  (2)  the  elasticity  of  the  large  yeBBeLSy  and 
(3)  the  resistance  of  the  smaller  arteries  and  the  capillaries. 

The  pulse  is  really  a  shock,  perceptible  to  the  touch  at  each  in- 
crease of  the  arterial  tension,  and  produced  by  succeesive  afflozes  of 
the  blood  which  the  heart  throws  off. 

In  order  to  perceive  that  shock,  the  vessel  must  be  pressed  by  the 
finger  so  as  to  make  it  lose  its  cylindrical  form  at  that  point.  By 
reason  of  the  dilatation  of  the  vessel,  the  finger  is  raised  at  that  point. 
That  is,  one  perceives  tlie  pulse.  As  there  may  exist  various  changes 
in  the  arterial  tension,  so  there  may  be  various  types  of  pulse.  Vari- 
ations are,  for  the  most  part,  pathological,  and  so  may  be  considered 
to  be  outside  of  the  domain  of  physiology. 

When  the  physician  feels  the  patient's  pulse  he  gains  valuable 
information  as  to  the  condition  of  the  heart  and  vessels.  The  exami- 
nation of  the  characters  of  the  pulse  is  usually  confined  to  that  por- 
tion of  the  radial  artery  which  lies  in  the  wrist.  Here  the  artery  is 
covered  only  by  skin  and  subcutaneous  tissue,  while  in  addition  the 
shaft  of  the  radius  forms  a  bony  support  against  which  the  artery  may 
be  compressed  by  the  fingers.  From  the  pulse  are  noted  the  following 
points :   Force,  rate  and  fullness. 

While  such  main  features  of  the  pulse  were  able  to  be  depicted 
by  experienced  finger-tips,  it  was  felt  that  there  was  still  very  much 
that  the  pulse  would  tell  could  it  be  translated. 

Everyone  has  seen  the  movements  produced  in  a  limb  by  reason 
of  the  pulsations  of  the  popliteal  artery,  when  one  leg  is  kept  crossed 
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The  anaoratic  pulso  is  f>een  in  Briglit'8  disease,  where  the  peripheral 
resistance  is  high,  and  in  stenoeis  of  aorta. 

The  more  gradual  downstroke  is  interrupted  by  laro  completely 
distinct  elevations  of  secondary  waves,  though  in  the  lowest  part  of 
the  descent  there  may  be  Beveral  minor  inequalities.  The  more  dis- 
tinct of  the  two  occurs  at  about  the  middle  portion  of  the  line  of 
descent.  It  represeote  the  dicrotic  wave;  from  its  mode  of  origin  it 
is  sometimes  called  the  "recoil  wave."  Between  the  apex  and  the 
dicrotic  wave  occurs  the  predicrotic,  or  tidal  wave,  while  below  the 
dicrotic  wave  occurs  the  postdicrotic  wave  or  waves,  since  there  are 
very  frequently  several. 

The  line  of  ascent  and  the  predicrotic  wave  are  caused  by  systole. 


Fig.  94. — ISphygmogram  Magniflpd.      (Lahoirse,) 
,  B.   Correapond  lo  lie  dilatation.     B.   D.   A.  Corretpond  to  conlnctloa  a 


height  o(  the  pulw.    If,  I*  the  dicrotic  pulse. 

while  the  dicrotic  wave  takes  place  during  diastole.     The  postdicrotic 
wavcH  arc  a  result  of  vascular  tension. 

Origiu  of  the  Diorotio  Wvrt. — At  one  time  this  wave  was  be- 
lieved to  have  its  origin  in  the  periphery,  but  is  now  known  to  be 
caused  as  follows:  By  ventricular  systole  there  is  projected  into  the 
full  aorta  a  mass  of  blood  so  that  a  positive  wave  is  propagated  from 
the  heart  toward  the  periphery,  where  it  becomes  extinguished 
among  the  smallest  arterioles  and  capillaries.  At  the  closure  of  the 
semilunar  valves,  the  arteries  from  having  just  been  distended  begin 
to  contract  or  recoil  upon  the  contained  blood,  with  the  result  that 
this  newly  exerted  pressure  sets  it  into  motion  in  two  directions: 
toward  the  heart  and  toward  the  periphery.  Tn  the  latter  direction 
the  passage  is  free  until  the  capillaries  are  reached ;  toward  the  heart 
the  still  closed  semilunar  valves  are  met  with  such  force  that  there 
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results  a  recoil.  This  develops  into  a  new  positive  wave,  which  gives 
the  dicrotic  wave  in  the  sphygmogram.  Atheroma  diminishes  the 
dicrotic  wave,  because  the  arterial  wall  is  more  rigid. 

MacKenzie  explains  the  dicrotic  wave  as  follows :  At  the  moment 
the  aortic  pressure  rises  above  the  ventricular  the  valves  close  and  are 
supported  by  the  hard,  contracted  ventricular  walls.  The  withdrawal 
of  the  support  by  the  sudden  relaxation  of  these  walls  will  tend  to 
produce  a  negative  pressure  wave  in  the  arterial  system.  This  negative 
wave  is  stopped  by  the  sudden  stretching  of  the  aortic  valves,  which, 
losing  their  firm  support,  have  now  themselves  to  bear  the  resistance 
of  the  arterial  pressure.  This  sudden  check  of  the  negative  wave 
starts  a  second  positive  wave  which  is  propagated  through  the  arterial 
system  as  the  dicrotic  wave.  A  low  arterial  tension  favors  dicrotism, 
which  is,  however,  nonnal  in  all  persons. 

The  dicrotic  notch  indicates  the  beginning  of  diastole  and  the 
closure  of  the  aortic  valves. 

A  dicrotic  wave  at  or  near  the  base  line  of  the  curve  shows 
a  low  arterial  pressure,  since  the  artery  easily  collapses  after  its  systolic 
distension. 

THE  CAPILLARY  CIRCULATION. 

From  anatomy  it  was  learned  that,  with  but  very  few  exceptions, 
blood  passes  into  a  network  of  very  thin-walled  and  hair-like  vessels, 
the  capillaries;  this  network  communicates  with  the  finest  radicles 
of  the  veins,  so  that  it  forms  a  connecting-link  between  the  veins  and 
arteries.  Anatomically,  the  capillaries  are  distinguished  from  the 
arterioles  by  the  absence  of  circularly  arranged  muscular  fibers  which 
the  arterioles  possess  and  by  whose  contraction,  under  vasomotor  influ- 
ence, their  lumina  are  diminished.  However,  the  caliber  of  the  capil- 
laries is  subject  to  change  also  by  reason  of  passive  blood-pressure 
exerted  upon  their  endothelial  cells.  The  real  cause  of  the  blood-pres- 
sure in  the  capillaries  is  ventricular  systole;  but  this  is  modified 
by  the  caliber  of  the  arterioles. 

It  is  from  the  interior  of  these  hair-like  vessels  that  fluid  enters 
into  contact  with  organic  tissues  for  their  nourishment  and  growth. 
The  tissues  in  turn  unload  themselves  of  those  effete  and  deleterious 
matters  which  represent  the  products  of  catabolic  processes. 

From  these  reciprocal  actions  between  the  tissues  and  the  blood 
there  result  in  tlie  latter  profound  modifications  after  it  has  passed 
the  capillary  system.  The  blood  now  presents  the  destructive  char- 
acters of  venous  blood. 
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through  their  walls.    The  anatomist  places  the  length  of  the  capillary 
at  one-thirtieth  of  an  inch. 

As  previously  stated^  the  capillary  wall  is  formed  entirely  of  a 
simple  layer  of  endothelial  cells.  They  are  flat,  lance-shaped  cells 
joined  edge  to  edge  and  represent  the  continuation  of  the  intima  of 
the  arteries.  The  outlines  of  the  cells  with  their  lines  of  junction  may 
be  beautifully  demonstrated  by  nitrate  of  silver  staining.  In  the 
capillaries  stained  by  silver  there  is  here  and  there  to  be  seen  between 
the  cells  an  increase  in  the  amount  of  the  intercellular  substance.  The 
white  blood-corpuscles  when  migrating  from  the  blood-vessels  pass 
between  the  endothelial  cells. 

Uicrogoopical  Examination. — When  a  thin  and  vascular  mem- 
brane belonging  to  a  living  animal  is  placed  in  the  field  of  the  micro- 
scope, the  admirable  spectacle  observed  for  the  first  time  in  1661,  by 
Malpighi,  is  seen:  the  blood  is  circulating  in  the  capillary  vessels. 
For  this  examination,  frogs  present  several  parts  which  are  suitable: 
the  interdigital  membrane,  mesentery,  tongue,  bladder  and  lungs. 

Differences  in  volume  of  the  capillaries  have  much  influence 
upon  the  movement  of  the  blood  in  their  interior.  In  the  widest 
capillaries  a  rapid  current  takes  place,  and  the  corpuscles  are  carried 
along  with  a  velocity  which  does  not  permit  distinguishing  their 
form  clearly.  In  the  smallest  vessels,  on  the  contrary,  the  corpus- 
cles progress  slowly.  In  fact,  the  slowness  of  the  current  and  dis- 
appearance of  the  pulse  are  the  chief  characteristics  of  the  capillary 
current.  For,  normally,  the  flow  through  the  capillaries  is  in  a 
steady,  constant  stream. 

In  the  very  smallest  vessels  the  corpuscles  are  often  at  some 
little  distance  from  one  another.  They  seem  to  advance  with  diflS- 
culty  and  to  rub  against  the  walls  of  the  vessels.  According  to 
many  observers,  the  corpuscles  are  sometimes  obliged  to  bend  out 
of  shape  in  order  to  traverse  these  narrow  channels. 

At  other  times,  in  the  midst  of  the  intricacy  of  the  vessels  and 
of  the  various  directions  of  their  current,  two  capillaries  are  seen  to 
join  a  third.  Corpuscles  coming  along  the  two  vessels  alternately 
pass  into  the  single  capillary,  which  receives  them  one  by  one,  and 
through  which  they  pass  in  single  file.  Elsewhere  may  be  seen  a 
pile  of  corpuscles,  distinct  from  each  other,  and  all  of  which  pro- 
gress with  the  same  swiftness.  All  hasten  and  slacken  their  pace  at 
the  same  time.  At  other  points  a  complete  immobility  is  seen  in 
consequence  of  some  temporary  obstruction  or  of  the  contrary  direc- 
tion of  the  current ;  then  all  at  once  tlie  corpuscles  start  off  again. 
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Kxcept  in  the  very  smallest  capillaries,  it  is  noticed  that  the  red 
corpuscles  always  move  in  the  axis  of  the  current,  while  on  either 
wde  of  this  thread  of  moving  cells  there  is  noticed  a  transparent 
Jayer  of  liquor  sanguinis  which  is  almost  perfectly  still  or  possesses 
only  slight  motion.  This  layer,  "Poiseuille^s  still  space,"  where  it 
is  plainly  discernible,  occupies  about  one-fifth  of  the  space  on  each 
^ide  of  the  axial  current,  which  occupies  the  remaining  three-fifths 
of  the  lumen  of  the  vessel. 

Within  the  smaller  blood-vessels  the  red  corpuscles  oc9upy  the 
'iiiddle  of  the  stream,  where,  in  single  file,  they  glide  along  with 
^'omparative  rapidity;  in  larger  vessels  two  or  three  may  flow  along 
^breast.  Along  the  outer  edge  of  the  central  thread  of  red  blood- 
corpuscles  move  the  white  ones,  many  even  getting  into  the  space 
^f  Poiseuille.  The  motion  of  the  white  corpuscles  is  one  of  rolling, 
l>«rticularly  when  they  are  in  the  clear  space  next  the  vessel-wall  or 
in  direct  contact  with  the  latter,  since  they  are  sticky  by  nature. 
*Xhe  contact  of  the  rapidly  moving  axis  current  also  assists  in  giv- 
ing to  the  white  corpuscles  their  rolling  motion.  Their  motion  is 
*3o  slow  at  times  that  thev  adhere  to  the  vessel-wall. 

It  has  been  demonstrated  by  physical  experiments  that  particles 
of  least  specific  gravity  (white  corpuscles)  in  all  capillaries  are 
pressed  toward  the  wall,  while  those  of  greater  specific  gravity  (red 
corpuscles)  remain  in  the  middle  of  the  stream. 

One  of  the  characteristics  of  the  capillary  circulation  is  the  dis- 
appearance of  the  pulse.  Ordinarily  this  has  been  accomplished  by 
the  resistance  which  is  offered  to  the  cur-rent  on  its  way  to  the 
peripher}'.  When,  for  any  reason,  the  arterioles  are  greatly  relaxed, 
and  there  exists  at  the  same  time  high  blood-pressure,  so  much  blood 
flows  into  the  capillaries  from  the  lessened  resistance  to  its  current 
that  a  distinct  pulse  passes  along  the  capillaries  to  the  veins.  This 
pulse  is  characteristic  of  aortic  insufficiency  or  in  cases  of  atheroma 
of  the  arteries.  In  the  latter  condition  the  vessels  become  calcified 
and  rigid  and  so  behave  physically  as  inelastic  tubes. 

Canse  of  Hovement  of  Blood. — The  force  of  the  heart  transformed 
into  arterial  tension  is  the  real  cause  of  the  movement  of  the  blood 
in  the  capillaries.  This  is  not  the  only  infiuence,  for  gravity  can 
exert  influences  that  are  either  favorable  or  opposed  to  the  current 
of  the  blood. 

Swiftness  of  Blood  in  the  Capillary  System. — Since  very  many 
conditions  are  capable  of  modifying  the  velocity  of  the  blood-current, 
it  is  a  very  difficult  task  to  ascertain  the  numerical  valuation  of  that 
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come  and  the  vis  a  iergo  that  is  impelling  the  blood-curr^t.  Thus 
the  arterial  pressure  depends  upon  the  relation  existing  between  the 
blood  thrown  out  by  the  ventricles  and  the  quantity  that  can  pass 
through  the  capillaries  in  the  same  time. 

Science  has  possessed  for  a  long  time  the  means  of  knowing  what 
is,  in  inelastic  tubes,  which  are  the  seat  of  the  flow,  the  force  of 
afflux  for  each  point  of  their  length,  and  what,  also,  is  the  quantity 
of  that  force  which  has  been  consumed  by  the  resistances. 

In  order  'that  the  student  may  gain  some  knowledge  of  the  causes 
that  produce  variations  in  the  pressure  as  well  as  the  means  of 
measuring  and  recording  it,  attention  will  be  turned  briefly  to  the 
physical  world  to  note  the  simplest  possible  apparatus  that  can 
convey  even  a  vague  idea  of  this  property  of  tlie  blood^s  circulation. 

Suppose  a  reservoir  full  of  liquid  to  a  certain  level,  and  from 
the  bottom  of  which  runs  a  pipe  of  uniform  caliber.  The  tubes 
which  branch  from  this  main"  pipe  are  of  equal  caliber  and  are  placed 
at  equal  distances  from  one  another.  The  upright  tubes  have 
received  the  name  of  manometers.  If,  now,  there  be  a  flow  of  the 
liquid  it  will  be  because  of  a  difference  of  pressure  at  the  reservoir 
and  outlet.  During  this  flow  the  liquid  in  the  various  manometers  will 
contain  columns  of  the  liquid  whose  tops  would  be  in  contact  with  a 
straight  line  drawn  from  the  superior  surface  of  the  contents  of  the 
reservoir  to  the  point  of  egress.  This  slanting  line  is  known  as  the 
pressure^slope.  The  manometer  nearest  the  reservoir  contains  the 
highest  column  of  liquid,  the  next  one  a  column  of  less  height,  etc.,  the 
lowest  being  attained  in  the  upright  tube  farthest  from  the  heart  or 
reservoir. 

The  height  to  which  the  liquid  rises  in  a  manometer  sensibly 
indicates  the  intensity  of  the  force  of  afflux  at  that  point.  And,  as 
it  decreases  from  the  orifice  of  entry  to  that  of  exit,  it  must  be  con- 
cluded therefrom  that  the  force  of  the  flow  of  the  liquid  decreases 
of  itself.  It  has  been  demonstrated  in  physics  that  the  resistances 
which  liquids  meet  with  in  ducts  of  a  uniform  caliber  are  proportiotial 
to  the  length  of  the  latter.  It  follows,  therefore,  that,  when  the 
flow  is  established  in  the  tube  the  more  distant  from  the  ingress  a 
point  of  that  tube  is,  the  more  the  liquid  which  passes  through  it 
wiU  have  lost  its  initial  force  in  consequence  of  resistances. 

The  more  narrow  the  caliber  of  the  tube,  the  greater  is  the 
resistance  to  the  liquid.  Up  to  the  time  of  Rev.  Stephai  Hales,  an 
English  vicar,  the  methods  of  noting  blood-pressure  were  crude  in 
the  extreme.    It  was  known  that  the  blood  exerted  considerable 
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pregsure  upon  the  arterial  walls,  for,  when  they  were  punctured,  an 
intermittent  jet  of  blood  arose  to  a  considerable  height,  the  latter 
depending  upon  the  proximity  of  the  wound  to  the  heart.  When  a 
rein  was  wounded  the  blood  was  noticed  to  exude  with  much  leas  force, 
and  it  was  continuous,  not  intermittent. 

Hales  was  the  first  to  make  any  improvement  upon  this  rough 
morement,  which  he  did  by  inserting  a  brass  pipe  one-sixth  of  an 
inch  in  diameter,  in  lieu  of  a  cannula^  into  the  femoral  artery  of  a 


Fig.  98. — Manometer  of  Mercury  for  Measuring  and  Registering 

Blood-pressure.     (Ybo.) 

a.  Proximal  glass  tube,  h.  Union  of  the  two  glass  tubes  of  the  manometer. 
4,  Stop-cock  through  which  the  sodium  carbonate  can  be  introduced  between 
the  blood  and  the  mercury  of  the  manometer,  e.  The  rod  floating  on  the 
mercury  carries  the  writing-point 

horse  about  three  inches  from  the  abdomen.  The  brass  pipe  in  the 
artery  was  connected  by  means  of  another  brass  pipe  to  a  glass  tube 
whose  height  was  nine  feet,  its  bore  nearly  the  same  diameter  as  the 
brass  pipe,  and  placed  vertically.  The  first  blood-pressure  experiment 
is,  perhaps,  best  depicted  in  the  words  of  Hales  himself.  He  says: 
"In  December,  1733, 1  caused  a  mare  to  be  tied  down  alive  on  her  back. 
She  was  fourteen  hands  high,  and  she  had  a  fistula  on  her  withers  and 
was  neither  very  lean  nor  yet  very  lusty.     Having  laid  open  the  left 
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crural  art«i7  about  three  inches  from  her  belly,  I  inserted  into  it  a 
brass  pipe  vhose  bore  was  one-sixth  of  an  inch  in  diameter.  To 
that,  by  means  of  another  brass  pipe,  which  was  fitly  adapted  to  it, 
I  fixed  a  glaBs  tube  of  nearly  the  same  diameter  and  vbich  was  nine 
feet  in  length.  Then,  untying  the  ligature  on  the  artery,  the  blood 
rose  in  the  tube  eight  feet  three  inches  perpendicular  above  the  level 
of  the  left  ventricle  of  the  heart.  When  the  blood  waa  at  ita  full 
height,  it  would  rise  and  fall  at  and  after  each  pulse  two,  three,  or 
four  inches.  Sometimes  it  would  fall  twelve  or  fourteen  inches,  and 
demonstrate  at  that  point  the  same  up-and-down  vibrations,  at  and 


Fig.  B9.— Ludwig's  KTmograph.     (Yeo.) 

B,  RotallDg  drum  blackened,  wblch  li  moved  bj  ths  clockwork  Inckwcd  Id 
A  by  meiua  oE  tbe  dlic,  D,  preulaE  on  the  irhMl,  n.  The  cylinder  mar  tn 
eleviled  or  deprcesed  br  tb«  urcw,  e,  wblch  I*  actuated  bj  the  handle,  V. 

after  each  pulse,  as  it  had  when  it  was  at  its  full  height.  After 
forty  or  fifty  pulses  it  would  rise  to  the  former  height  again. 

"Later  I  took  away  the  glass  tube  and  let  the  blood  from  the 
artery  mount  up  into  the  open  air,  when  the  greatest  height  of  its 
jet  was  not  above  two  feet." 

Though  the  first  real  truths  concerning  blood-pressure  were 
thus  gained,  nevertheless  the  method  was  crude  and  cumbersome  in 
that  the  blood  would  soon  clot  and  an  eight-foot  column  of  blood 
was  not  easily  watched  in  its  fluctuations. 

Poiseuille,  in  1828,  introduced  into  physiological  experimenta- 
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tkm  ft  manoroeter  with  a  column  of  mercury.  This  instrument  is 
more  oooTenioit  to  handle,  and  with  It  all  of  the  scientific  world  is 
a«]iuunted  to-day. 

The  manometer  with  its  column  of  mercury  haa  undergone  still 
further  modifications.  Thus,  Magendie  has  employed,  under  the 
name  of  hamometer,  an  instrument  composed  of  a  mercury  reservoir. 
Upon  this  the  blood-pressure  is  exerted,  and  it  communicates  with 
a  tube  in  which  the  metal  rises.  The  height  of  the  level  of  the  mer- 
cury in  that  single  tube  expresses  the  intensity  of  the  pressure. 


Fig.   100. — Blood- pressure  Curve  Recorded  by  the  Mercurial 
Manometer.      (  Yed.  ) 


By  use  of  the  mereory  as  a  substance  against  which  the  blood 
nuy  expend  its  force,  the  inconvenience  of  handling  the  great  column 
ol  blood  is  overcome. 

One  objection  to  the  mercury  is  th&t  columns  of  it,  in  their 
oeeilktions,  take  on  acquired  momentum,  which  makes  them  pass 
beyond  the  points  which  exactly  express  the  maximum  and  the 
Minimum  of  blood-preasare. 

When  such  instruments  are  used,  care  must  always  be  taken  tn 
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the  small  waves  corresponds  to  heart-action,  the  slight  ascent  to  sys- 
tole, the  slight  descent  to  diastole.  In  studying  a  tracing  it  must  be 
remembered  that  the  real  blood-pressure  is  really  twice  what  is  re- 
corded, since  the  needle  moves  through  a  space  that  represents  the 
difference  of  level  between  the  mercury  of  the  two  tubes. 

Dawson  has  called  attention  to  the  fact  that  when  we  speak  of 
blood-pressure  we  should  state  whether  systolic  or  diastolic,  for  the 
systolic  may  exceed  the  diastolic  pressure  by  as  much  as  100  per  cent, 
of  the  latter.  These  two  may  vary  independently  of  each  other.  By 
taking  the  average  height  of  systolic  pressure  and  obtaining  the 
average  mean  pressure,  Dawson  has  found  that  the  mean  pressure 
is  nearer  the  diastolic  level  than  the  systolic  level.  He  states  the 
pulse-pressure  is  the  difference  between  the  diastolic  and  systolic 
pressure.  For  instance,  in  the  right  brachial  artery  of  the  dog  the 
tvstolic  pressure  was  156,  its  mean  118,  the  diastolic  pressure  was  101, 
then  the  pulse-pressure  would  be  55.  The  pulse-pressure  is  an  index 
of  the  variation  in  pressure  in  any  artery  caused  by  the  heart-beat. 

Each  contraction  of  the  heart  stretches  the  artery  by  a  sudden 
increment  of  pressure  equal  in  the  right  brachial  to  55  millimeters  of 
mercury.  The  pulse-pressure  becomes  less  as  we  approach  the 
periphery  of  the  vascular  system,  as  the  oscillations  between  systolic 
and  diastolic  pressure  become  less.  Dawson  found  the  mean  pressure 
to  be  practically  constant  throughout  the  large  arteries,  but  when  the 
small  arteries  are  reached  there  is  a  conspicuous  decrease.  The 
diastolic  pressure  is  also  constant  in  the  larger  arteries.  The  diastolic 
end  pressure  in  the  femoral  is  slightly  and  invariably  lower  than  that 
of  the  carotid. 

Blood-pressure  In  Man. 

Since  it  is  impossible  to  ascertain  blood-pressure  in  man  as  it  is 
practiced  in  animals,  numerous  instruments  have  been  invented  that 
can  be  used  and  applied  to  superficial  arteries  without  dissection  of 
the  tissues.  These  pieces  of  apparatus  have  been  variously  termed 
sphygmometers,  sphygomanometers,  etc. 

Sphygmomanometer. — The  Riva-Rocci  sphygmomanometer  con- 
sists of  a  canvas  band  bound  close  about  the  arm.  Within  the  canvas 
band  is  a  rubber  bag  which  communicates  with  a  mercury  mano- 
meter and  with  the  rubber  bulb  which  produces  the  pressure.  When 
the  canvas  band  is  in  place,  the  rubber  bulb  is  rhythmically  com- 
pressed and  air  forced  into  the  rubber  bag  around  the  arm.  This 
inflated  bag  exerts  a  pressure  upon  the  arm  and  upon  the  brachial 
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artery.  The  pressure  is  increased  until  the  radial  pulse  disappears 
at  the  wrist.  The  moment  the  radial  pulse  disappears,  the  mercurial 
colnnm  iBdicates  the  systolic  pressure  in  the  artery  of  the  arm. 

The  instnunent  of  Biva-Kocci  gives  the  systolic  pressure.  Mosso, 
however,  invented  an  instrument  which  gives  the  diastolic  pressure. 
The  principle  involved  in  Uoeeo's  inetniment  ia  a  registration  of  the 
pulsations  of  the  artery  under  difTerent  pressures,  and  finding  out 
under  what  pressure  maximal  pulsations  are  obtained.  This  pressure 
should  be  equal  to  the  diastolic  pressure  inside  the  artery.  Howell 
and  Brush  have  proved  this  on  the  exposed  artery  of  a  dog. 


Fig.  108. — Riva-Rocoi  Bph^gmomanometer. 

The  SPHTaHouANouKTEB  OF  Mosso, — In  this  inetnnnent  the 
two  middle  fingers  of  each  hand  are  placed  in  rubber  capsules  inside 
metallic  tubes,  and  the  pressure  regulated  to  obtain  the  greatest 
excursion  of  the  mercury  manometer.  In  this  instrument  water- 
pressure  is  used  outside  an  artery,  and  increased  so  as  to  exactly  bal- 
ance the  internal  pressure;  then  the  oscillation  of  the  arterial  walls 
will  be  greatest  when  they  are  free  to  move.  There  are  several 
sphygmomanometers  in  this  country,  and  the  best  is  that  of  Dr. 
Erlanger. 

The  maximum  systolic  and  minimum  diastolic  pressure  can  be 
determined  by  the  Erlanger  apparatus.  To  measure  the  maximum 
systolic  pressure  the  arm  is  compressed  by  the  air-cuS  until  do  pulse 
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can  be  felt  in  the  artery.  The  tambour  at  this  time  exhibits  vibrations 
due  to  the  arterial  pulse;  but  if  the  air-pressure  in  the  cuff  on  the 
arm  be  gradually  lessened  by  means  of  an  escape  valve,  these  vibra- 
tions become  longer,  and  when  this  state  of  affairs  ensues  it  shows 
the  pressure  which  the  pulse-wave  can  just  overcome,  and  is  the 
maximum  systolic  pressure. 

If  the  pressure  be  decreased  still  more  the  vibrations  of  the 
tambour  lever  become  larger  until  a  point  is  reached  at  which  they 
begin  to  decrease.  The  pressure  where  the  greatest  fluctuations  of 
the  arteries  ensue  causes  the  most  extensive  movements  of  the  lever, 
and  is  the  minimum  diastolics  pressure. 

The  majority  of  clinical  sphygmomanometers  give  only  the  sys- 
tolic pressure,  and  this  pressure  is  the  one  usually  meant  when  we 
speak  of  a  patient's  blood-pressure  in  the  clinic.  But  there  is 
also  a  diastolic  pressure  which  depends  upon  the  degree  of  contrac- 
tion of  the  peripheral  arterioles.  Systolic  pressure  gives  us  a 
knowledge  of  the  force  of  the  left  ventricle,  whilst  diastolic  pressure 
teaches  us  the  tone  of  the  arteries. 

It  must  be  remembered  that  fallacies  exist  in  the  use  of  such  an 
instrument.  For  the  matter  is  only  too  evident  that  there  will  be 
recorded  compression  of  the  vensB  comites  of  the  artery,  the  skin 
and  surrounding  tissues.  Further,  it  is  impossible  to  tell  the  exact 
moment  when  the  distal  pulse  is  rendered  imperceptible. 

Erlanger  obtained  in  the  brachial  artery  an  average  pressure  of 
110  millimeters  during  systole  and  65  during  diastole.  He  also  found 
that  a  heavy  meal  was  followed  by  an  increased  output  of  blood  by  the 
heart,  as  revealed  by  an  increase  in  pulse-pressure. 

In  the  case  of  healthy,  young  adults,  the  pressure  in  the  brachial 
artery  ranges  between  110  and  130  millimeters  of  mercury.  Pres- 
sure attains  its  maximum  with  the  individual  in  the  erect  position; 
its  minimum  when  he  assumes  the  horizontal. 

Blood-pressure  must  always  be  sufficient  to  cause  a  steady  flow 
of  blood  through  the  capillaries,  and  this  must  be  at  least  50  milli- 
meters of  mercury.  The  blood-pressure  which  keeps  up  a  head  of 
pressure  above  tliis  to  meet  the  varying  calls  of  the  organs  for  more 
blood  is  about  70  millimeters. 

The  blood-pressure  remains  at  its  normal  height  when  the  blood- 
vessels receive  an  excess  of  fluid,  or  when  the  vessels  contain  less  than 
normal  amount.  When  the  excess  of  fluid  arrives  in  the  vessels  it 
remains  in  the  central  veins  and  in  the  liver,  which  becomes  very  hard. 
This  excess  of  fluid  soon  passes  out  of  the  vessels  into  the  tissues. 
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One-half  of  the  transfused  blood  is  transuded  into  the  tissues  at  the 
end  of  the  first  day.  This  fluid  in  the  tissue  is  carried  oflE  by  the 
glands,  especially  the  kidneys,  and  by  the  intestinal  mucous  membrane. 
Where  the. vessels  are  underfilled  with  blood,  as  by  blood-letting,  the 
blood-vessels  contract,  the  secretions  diminish  and  the  water  of  the 
hmph  goes  back  into  the  blood-vessels. 

Extremes  of  Pressure. — ^The  highest  pressure  is  registered  in  the 
aorta.  While  traversing  the  arteries  the  fall  in  pressure  is  very 
gradual.  Immediately  upon  its  passing  from  the  arterioles  into  the 
capillaries  and  there  meeting  great  resistance,  the  pressure  fall  is 
very  marked. 

The  blood-pressure  continues  to  fall  in  the  capillaries  and  veins 
until  the  cardiac  portion  of  venas  cavae  are  reached,  when  the  lowest 
pressure  is  registered.  As  stated  elsewhere,  this  last  pressure  may 
be  negative. 

The  causes  of  alteration  in  blood-pressure  of  arteries,  according 
to  Brunton,  are  as  follows : — 
It  may  be  raised : 

1.  By  the  heart  beating  more  quickly. 

2.  By  the  heart  beating  more  vigorously  and  sending  more  blood 
into  the  aorta  at  each  beat. 

3.  By  contraction  of  the  arterioles  retaining  the  blood  in  the 
arterial  system. 

It  may  be  depressed : 

1.  By  the  heart  beating  more  slowly. 

2.  By  the  heart  beating  less  vigorously  and  completely  and  send- 
ing less  blood  into  the  aorta  at  each  beat. 

3.  By  dilatation  of  the  arterioles,  allowing  the  blood  to  flow  more 
quickly  into  the  veins. 

4.  By  deficient  supply  of  blood  to  the  left  ventricle,  as  from  con- 
traction of  the  pulmonary  vessels  or  obstruction  to  the  passage  of 
hiood  through  them,  or  from  stagnation  of  the  blood  in  the  large 
veins,  as  in  shock. 

The  blood-pressure  in  the  pulmonary  artery  is  about  one-third  to 
one-seventh  that  of  the  aorta. 

Fftthological  Action. — ^Blood-pressure  in  disease  generally  in- 
creases instead  of  decreases.  Sleep  and  muscular  rest  lower  blood- 
pressure;  mental  and  muscular  exercise,  meals,  excitement  and  cold 
increase  it.  We  have  apoplexies  mainly  in  winter  because  of  the 
cold,  which  also  is  aided  by  increase  of  venous  tension,  caused  by  any 
sudden  strain,  as  in  defecation. 
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heart-action.  If  the  pneumogastrics  are  divided  the  pulse-frequency 
increases,  and  as  a  result  the  arterial  tension  rises.  If  the  vagi  are 
irritated  the  pulse-rate  falls  and  as  a  sequence  the  arterial  tension 
diminishes, 

Eyster  and  Hooker  found  that  the  slowing  of  the  heart  in 
animals  with  intact  vagi  from  increase  of  arterial  pressure  is  due  to 
two  facts  which  normally  act  together:  (1)  a  direct  effect  of  the 
increased  blood-pressure  upon  the  cardio-inhibitory  center;  (2)  a 
stimulation  of  the  cardio-inhibitory  center  through  the  afferent 
nerves,  resulting  in  a  reflex  slowing  of  the  heart.  The  afferent 
path  of  the  reflex  has  its  origin,  at  least  to  a  great  extent,  in  the 
thoracic  aorta.  The  reflex  slowing  of  the  heart  from  increase  of 
arterial  pressure  persists  after  section  of  the  accelerator  and  depres- 
sors. The  afferent  path  of  this  reflex  is  in  part  of  fibers  contained  in 
the  vagus. 

Lecrenier  has  confirmed  these  observations. 

The  reciprocal  power  of  the  pulse  and  blood-pressure  to  regulate 
each  other  depends  on  nonnal  pneumogastrics. 

Pathalogical. — In  cases  of  granular  or  contracted  kidney,  sclerosis 
of  the  arteries,  and  where  digitalis  is  used  in  heart  affections,  the 
blood-pressure  is  raised.  Injected  ergotin,  by  causing  contraction  of 
the  arterioles,  also  raises  pressure,  while  morphine  lowers  the  same. 
The  blood-pressure  falls  in  the  ending  of  fevers. 

Capillary  Blood-pressure. — Yon  Kries  has  estimated  the  blood- 
pressure  in  the  capillaries  of  the  ear  to  be  about  22  millimeters  of 
mercury. 

The  pressure  is  greatest  in  the  lower  extremities,  hence  we  have 
an  increased  transudation  from  them  or  even  rupture. 

Water  or  blood  extravasated  in  the  sub-conjunctival  tissues  are 
often  the  result  of  the  high  blood-pressure  in  chronic  Bright^s  disease. 
Capillary  pressure  is  regulated  more  by  the  blood-pressure  in  the  veins 
than  in  the  arteries.  Gravity  increases  pressure  in  the  capillaries. 
Pathological  Action. — In  a  feeble  heart  with  retrograde  pressure 
in  the  veins  increased,  the  slow  capillary  flow  of  blood  receives  an 
excess  of  carbonic  acid  and  cyanosis  of  the  skin  ensues. 

Venous  Blood-pressure. — Since  the  pressure  is  so  low  (even  nega- 
tive in  places)  within  this  system,  a  saline  solution  is  usually  sub- 
stituted in  the  manometer  for  mercury.  The  kymographic  tracing 
taken  near  the  heart  shows  the  characteristic  large  and  small  waves, 
with  this  difference,  however,  that  the  respiratory  rise  accompanies 
expiration. 
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Venous  blood-pressure  is  increased  by  all  conditions  which  tend  to 
decrease  the  difference  of  pressure  between  the  arterial  system  and 
itself.  The  reverse  will  produce  diminution  in  its  tension.  General 
plethora  increases  it;  anaemia  diminishes  it.  As  one  proceeds  from 
the  heart  there  is  found  the  development  of  a  positive  pressure. 

The  blood-pressure  in  the  veins  near  tlie  heart  is  negative  because 
of  the  aspiration  exercised  by  the  thorax.  Thus,  in  the  superior  vena 
cava  of  the  dog  it  is  —  3.  millimeters  of  mercury,  in  the  right  brachial 
+  3.9  millimeters  of  mercury,  in  the  left  femoral  -|-  5.4,  and  in  the 
left  saphena  +  7.4.  As  these  facts  show,  the  venous  pressure  is  higher 
the  more  distant  the  vein  is  from  the  heart. 

In  order  that  the  blood  stream  shall  continue  in  a  uniform  manner, 
the  quantity  of  blood  received  by  the  heart  from  the  veins  in  the  same 
period  of  time  must  be  equal  to  that  ejected  by  the  heart  into  the 
arteries. 

Veno-motor  Nerves. — ^The  veins  are  contractile.  If  you  irritate 
the  peripheral  end  of  a  splanchnic  there  will  be  a  narrowing  of  the 
portal  vein  and  its  branches  within  the  liver.  Irritation  of  the 
peripheral  end  of  a  sciatic  causes  a  contraction  of  the  veins  of  the 
posterior  extremity.  Hence  the  veins,  like  the  arteries,  are  in  a  state 
of  tonus  similar  to  that  which  exists  in  the  arteries  and  under  control 
of  the  central  nervous  svstem. 

Venous  Pulse. — This  pulse  in  the  jugular  is  a  visible  sign  of  a 
circulation  in  the  veins.  The  pulse  is  due  to  the  auricular  systole, 
which  produces  not  a  reflux  but  a  temporary  arrest  in  the  flow  of 
venous  blood.  The  venous  pulse  seen  in  disease  differs  from  the 
preceding  as  regards  cause.  It  is  due  to  insufficiency  of  the  tricuspid 
valve.  Here  the  reflux  of  blood,  when  the  ventricle  contracts,  pro- 
.duces  the  venous  pulse. 

In  the  figure  is  represented  a  schema  of  a  jugular  pulse  tracing 
with  a  tracing  of  cardiac  pulsation.  The  first  wave,  the  most 
important,  forms  the  venous  pulse,  and  is  due  to  contraction  of  the 
auricle.  It  is  not  caused  by  a  reflux,  but  by  a  temporary  stoppage  of 
the  flow  of  blood,  a  positive  wave  running  backward  in  the  veins. 
The  second  wave  according  to  Mackenzie  is  caused  by  the  carotid  beat- 
ing near  by  the  vein.  Bard,  however,  holds  that  the  second  wave  is  due 
to  the  rapid  tightening  and  doming  of  the  auriculo-ventricular  valves. 

The  third  wave,  according  to  Mackenzie  is  produced  by  the  sud- 
den checking  of  the  venous  flow  at  the  period  of  great  distention  of  tlie 
auricles.  This  wave  occurs  toward  the  end  of  the  systole  of  the 
ventricle.    Bard  believes  the  third  wave  is  caused  by  the  base  of  the 


312  PHYSIOLOGY. 

5.  The  ventricular  or  diastolic  collapse. 

6.  The  second  onflow  or  diastolic  wave. 
With  frequently  beating  hearts  Morrow  states  that  some  of  these 

waves  may  be  absent,  or  several  may  be  fused  together.     There  is  con- 
siderable variation  in  the  prominence  of  the  different  waves. 

The  venous  pulse  represents  variations  in  auricular  pressure.  In 
certain  cases  of  disease,  waves  of  blood  are  sent  back  into  the  inferior 
vena  cava,  which  distend  the  liver  and  give  rise  to  a  liver  pulse- 
When  we  have  a  venous  and  a  liver  pulse,  the  changes  that  ensue  in 
the  tracings  of  the  pulse  can  be  shown  by  either  one. 

The  venous  pulse  is  a  direct  means  of  studying  the  effects  of  the 
systole  and  diastole  of  the  right  auricle  and  right  ventricle  and  tlie 
rate  of  the  auricles. 

RAPIDITY  OF  THE  CIRCULATION, 

When  examining  the  web  of  the  frog^s  foot  beneath  the  micro- 
scope it  is  clearly  discerned  that  the  rate  of  the  blood's  flow  through, 
the  capillaries  is  very  much  less  than  what  it  must  be  in  the  aorta  aail 
its  larger  branches.     That  there  should  be  differences  in  its  rate  of 
flow  depends  upon  the  same  physical  reasons  as  govern  the  rate  o£ 
flow  in  tubes. 

The  discharge  of  any  liquid  through  a  tube  equals  the  mea^ 
velocity  multiplied  by  the  area  of  cross  section  at  the  point  of  observa-^ 
tion.  The  greater  the  cross  section  of  the  area  the  less  the  velocity  ^ 
and  conversely,  the  greater  the  activity  of  the  heart  is  to  frequency  an^ 
strength,  the  greater  the  velocity.  Velocity  is  less,  the  greater  th^ 
peripheral  resistance  in  the  capillaries. 

The  arterial  system  widens  from  the  center  to  the  periphery. 
All  physiologists  admit  this  proposition,  for  their  opinion  is  founded 
upon  exact  measurements.  It  has  been  found  that,  when  there  is  an 
arterial  bifurcation,  the  area  of  the  two  branches  formed  exceeds 
that  of  the  afferent  trunk.  From  experimental  demonstration  of  the 
widening  of  the  arterial  passages,  the  comparison  of  the  arterial  tree 
to  a  cone  is  permissible;  its  summit  is  located  at  the  heart,  its  base 
at  the  periphery  of  the  body.  The  venous  system  is  similarly 
arranged,  the  apices  of  the  two  systems  meeting  at  the  heart. 

From  this  general  form  of  the  arterial  passages  it  can  be  con- 
cluded that  the  movement  of  the  blood  must  be  more  rapid  in  the 
aorta  than  in  the  vessels  springing  from  it,  and  that  the  minimum 
of  speed  must  be  in  the  smallest  arterioles.  It  is  known  that  the 
cross-sectional  area  of  the  arterioles  and  capillaries  is  from  500  to 
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:uu  iiuu.-s  greater  tlian  ttiat  of  the  first  portion  of  the  aorta;  tbere- 
foiv,  t)ie  velocity  of  the  blood  in  the  capillaries  is  but  '/joa  or  '/,„, 
of  that  in  the  aorta. 

I'hj'sic-s  show  tliat  there  is  no  friction  between  ttic  walls  of  the 
tecwls  and  the  contained  liquid.  The  exterior  layer  of  the  liquid 
ii  adherent  to  the  inner  surface  of  the  tube  and  remaina  perfectly 
molionless.     Between  this  still  layer  and  the  center  of  the  current 


Kig.   ifi4.— ],.ul«-i(i!'s  Stromiihr.      [l,Asn.)i8.) 

(Iiere  are  layers  of  molecules  which  by  molecular  cohesion  introduce 
R-ui stances.  The  nc.tt  layers  adhere  to  ime  another  less  and  less  the 
more  central  they  are.  Thu3  the  swiftiicps  of  the  liquid  molecules 
will  not  be  the  same  in  all  parts  of  the  veaael,  the  maximum  being 
reached  at  the  center  of  the  vessel. 

Bate  in  the  Arteries. — From  the  relation  of  the  arteries  to  the 
main  central  pump,  the  heart,  the  velocity  of  the  blood-flow  in 
them  is  very  naturally  greater  than  in  the  capillary  or  venous  sys- 
tems. In  rough  terms,  the  average  velocity  in  the  large  arteries  is 
12  inches  per  second.     To  measure  the  velocity  we  employ  Ludwig's 
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stromuhr,  or  rheometer.  This  instrument  consists  of  two  glass 
bulbs^  1  and  2,  of  the  same  capacity.  The  ends  of  these  glass  bulbs 
have  a  common  opening  above;  below  they  are  fixed^  at  5-5',  into 
a  metal  disc.  This  disc  rotates  around  the  disc,  6-6",  so  that  after 
a  complete  revolution  a  bulb,  i,  communicates  with  a  cannula,  9,  and 
another  bulb,  ^,  communicates  with  another  cannula,  8.  This  can- 
nula, 8,  is  fixed  in  the  central  end  and  the  other  cannula,  .9,  in  the 
peripheral  end  of  the  artery  (carotid) ;  the  bulb,  J,  is  filled  with  oil ; 
the  bulb,  2,  with  defibrinated  blood.  At  a  certain  time  the  com- 
munication through  8  is  opened,  the  blood  flows  in,  pushing  the  oil 
Ijtfore  it  and  passes  into  2,  while  the  blood  passes  through  9  into  the 
peripheral  part  of  the  artery.  As  soon  as  the  oil  reaches  -J,  the  time 
is  noted,  and  bulbs  1  and  J  are  rotated  so  that  £  takes  the  place  of 
7,  and. the  oil  is  pushed  back  into  1  again.  The  quantity  of  the 
blood  which  passes  in  a  given  time  is  calculated  from  the  time  neces- 
sary to  fill  the  bulb. 

Hiirthle  has  invented  a  recording  rheometer  which  indicates  the 
quantity  of  blood  that  enters  and  leaves  the  rheometer.  Other  instru- 
ments have  received  the  names  hcBmatachometer,  hcemadromomcter, 
dromograph,  etc. 

Bate  in  the  Veins. — ^Whenever  the  total  area  of  cross  section  of 
the  vascular  tree  increases^  the  velocity  of  its  contained  blood-cur- 
rent diminishes;  conversely,  as  the  cross  section  diminishes  the  flow, 
becomes  proportionately  more  rapid.  The  total  section  of  the  sys- 
temic arterial  tree  reaches  its  maximum  extent  in  the  arterioles  and 
capillaries.  Along  the  venous  tree  the  cross  section  diminishes  as 
the  heart  is  neared,  but  never  becomes  as  small  as  that  of  the 
arteries.  Therefore,  the  greatest  velocity  must  exist  in*  the  arteries, 
the  least  within  the  capillaries,  while  the  mean  between  the  two 
extremes  is  that  within  the  veins. 

Since  the  venous  cross  section  diminishes  as  the  heart  is  neared, 
the  velocity  of  its  blood-current  becomes  heightened  accordingly. 
However,  the  average  rate  of  venous  blood-flow  lias  been  estimated 
to  be  about  9  inches  per  second. 

Burton-Opitz  with  Hiirthle's  instrument  found  the  average  rate 
of  flow  in  the  femoral  vein  of  dogs  to  be  61.6  millimeters  per  second, 
whilst  in  the  external  jugular  he  found  it  to  be  147  millimeters  per 
second.  Stimulating  the  vagus  arrested  the  flow  in  the  jugular.  The 
flow  of  blood  in  the  external  jugular  was  intermittent,  due  to  two 
types  of  variation,  those  caused  by  respiratory  movements  and  those 
produced  by  changes  in  pressure  during  each  auricular  cycle.    Inspira- 
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Oeneral  Facts  in  the  Velocity  of  the  Ci^01llatic)^• — ^Marey^  from  a 

study  of  the  rapidity  of  the  flow  of  bloody  has  arrived  at  the-  following 
conclusions : — 

If  the  resistance  increases  and  the  output  of  the  heart  remains 
constant,  then  the  actual  tension  rises  and  the  velocity  becomes  less. 

If  the  output  of  the  heart  increases  and  the  resistance  remains 
constant,  then  both  the  tension  and  the  velocity  become  greater. 

Ludwig  and  Dogiel  state  that  the  velocity  of  the  blood  does  not 
depend  on  the  blood-pressure.  They  state  that  the  velocity  in 
a  vessel  depends  on  (1)  the  vis  a  ^er^o— that  is,  the  action  of  the 
i^eart;  and  (2)  on  the  peripheral  resistance. 

In  an  animal  in  repose,  tlie  average  quickness  of  the  blood  con- 
tinually varies  at  short  intervals.  These  variations  are  not  dependent 
upon  the  temperature  of  the  blood,  for  it  can  be  made  to  vary  from  104 
degrees  F.  to  a  very  cool  limit  without  perceptibly  changing  the 
rapidity.  The  variations  of  swiftness  are  entirely  independent  of  the 
rapidity  of  the  heart,  for  the  rapidity  is  different  while  the  beat  of  the 
heart  has  not  altered.  The  changes  of  rapidity  in  the  different 
vessels  are  independent  of  the  average  aortic  pressure  or  the  pressure 
which  exists  in  the  arteries.  There  is  no  proportional  relation  between 
the  variations  of  swiftness  in  the  different  arteries,  for  comparative 
experiments  made  at  the  same  time  in  the  carotid  and  crural  artery 
show  that  the  rapidity  is  greater  now  in  one,  now  in  the  other  of 
these  vessels.  The  variations  of  swiftness  in  these  vessels  are  at  the 
same  time  independent  of  each  other.  The  changes  of  rapidity  of  the 
flow  in  the  arteries  depends  solely  upon  the  obstacles  which  the  blood, 
when  injected,  meets  in  its  course,  especially  when  the  obstacles  are 
encoimtered  by  the  flow  of  blood  in  other  arteries  at  the  same  time; 
for  example,  the  resistance  in  the  arteries  of  the  intestine  increases 
the  rapidity  of  the  flow  in  the  vessels  of  the  brain  notwithstanding 
the  obstacles  in  these  vessels.  The  intestinal  circulation  regulates  the 
flow  in  other  arteries,  and  particularly  in  the  carotid.  The  obstacles 
met  with  in  the  rapidity  of  the  circulation  in  vessels  depend  upon  the 
innervation  of  these  vessels  by  the  different  vasomotor  nerves.  This 
innervation  oscillates;  hence  the  swiftness  is  not  the  same  in  two 
arteries  of  the  same  caliber.  Section  of  a  vasomotor  nerve  does  not 
prevent  variations  in  the  rapidity  in  the  territory  innervated  by  that 
nerve,  since  neighboring  territories  under  the  control  of  other  vaso- 
motor nerves  can  react  upon  the  flow  of  blood  in  the  part  with  the 
divided  vasomotor  nerve.  When  one  carotid  is  ligated  the  velocity  in 
the  other  increases. 
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Section  of  the  vagi  increases  the  velocity  by  increasing  the  amount 
of  blood  ejected  by  the  ventricle. 

Systole  of  the  heart  increases  the  velocity ;  diastole  decreases  it. 

Diiration  of  the  Cironlation  as  a  TTnit. — ^The  general  rapidity  of 
the  circulation — ^that  is,  how  long  a  time  an  entire  circulation  occupies 
— ^may  be  easily  determined  experimentally  in  a  living  animal.  This 
was  first  accomplished  by  Hering,  whose  principle  of  action  was  to 
compute  the  time  required  for  the  circuit  of  an  injected,  harmless  sub- 
stance. The  substance  taken  is  one  that  may  be  easily  recognized  by 
chemical  test;  sodiimi  ferrocyanide  is  the  one  least  injurious  to  the 
heart.  He  injected  a  2-per-cent.  solution  into  the  central  end  of  a 
divided  jugular  vein,  and  the  time  of  injection  was  carefully  noted. 
From  the  opposite  jugular,  samples  were  taken  as  quickly  as  possible, 
the  time  of  each  being  noted.  When  the  Prussian  blue  reaction  was 
obtained  in  any  sample,  the  time  of  its  withdrawal  gave  the  duration 
of  the  entire  circuit.  In  this  experiment  the  blood  containing  the 
solution  passed  to  the  right  side  of  the  heart,  through  the  lungs  to  the 
left  side  of  the  heart,  from  thence  into  the  aorta  to  be  distributed 
through  the  smaller  vessels  and  capillaries  of  the  head  and  face,  to 
return  by  the  jugular  veins. 

This  jugular-to-jugular  result  does  not  represent  the  circulation 
of  the  entire  blood-supply  of  the  body,  but  the  shortest  time  that  a 
drop  of  blood  may  traverse  the  shortest  pathway  along  both  the 
systemic  and  pulmonic  circulations.  It  is  impossible  thus  to  determine 
the  circulation  time  of  the  entire  blood. 

From  the  result  of  experiments  it  has  been  ascertained  that 
the  circulation  time  in  the  horse  is  31.5  seconds;  in  the  dog,  16.7 
seconds ;  in  the  rabbit,  7.79  seconds. 

Another  method  is  that  of  Professor  G.  N.  Stewart.  He  injects 
into  a  rabbit  methylene  blue  per  jugular,  and  then,  watches  the 
appearance  of  the  coloring  matter  in  the  opposite  carotid.  Under 
the  carotid  he  places  a  thin  sheet  of  India  rubber  and  between  this 
and  the  artery  a  little  piece  of  white,  glazed  paper.  Then,  noting 
the  time  when  blood  is  injected  per  jugular  and  the  time  of  its 
arrival  in  the  opposite  carotid,  he  determines  the  duration  of  the  cir- 
culation. In  the  rabbit  he  made  the  jugular-to-jugular  time  from 
5  to  7  seconds. 

The  above  method  merely  gives  the  shortest  possible  time  in 
which  a  particle  of  blood  can  travel  through  the  shortest  pathway. 

In  man  the  time  it  takes  the  blood  to  make  a  complete  circuit  of 
the  body  is  about  32  seconds. 
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COURSE  OF  BLOOD  IN  THE  VENOUS  SYSTEM. 

When  the  blood  has  undergone  within  the  general  and  puln 
nary  capillaries  the  changes  which  result  from  processes  of  nutriti 
and  oxidation,  it  returns  to  the  heart.     It  is  the  venaus  system  whii 
is  charged  with  this  centripetal  transportation. 

Has  the  action  of  the  heart  anything  to  do  with  the  progressioi 
of  the  venous  blood  ?  To-day,  all  the  world  recognizes  that  it  is  tb 
cardiac  impulsion  which,  after  having  driven  the  blood  through  the 
capillaries,  still  presides.  That  is,  the  venous  blood-current  is  main- 
tained primarily  by  the  vis  a  tergo  (force  from  behind).  In  other 
words,  it  is  what  remains  of  the  systolic  energy  of  the  heart  trans- 
mitted through  the  arteries  and  capillaries.  The  elasticity  of  the 
venous  walls  themselves  aids,  to  a  slight  extent,  the  movement  of 
the  blood  by  their  rather  feeble  contractions.  Contraction  of  the 
skeletal  muscles,  aspiration  of  the  heart  and  thorax  are  factors  also; 
the  last-named  condition  creates  the  vis  a  f route. 

As  the  pulse-wave  is  normally  caused  to  disappear  in  the  capil- 
lary network,  so  also  the  blood-pressure  must  suffer  materially;   in 
fact,  it  continues  falling  even  along  the  course  of  the  veins  untU 
the  heart  is  reached.     Nowhere  along  the  venous  83*stem  is  the  posi-' 
tive  pressure  more  than  the  merest  fraction  of  what  is  found  alon^ 
the  arterial  tree.     In  the  right  side  of  the  heart  and  the  thoraci^^ 
portions  of  the  great  veins  the  pressure  may  even  be  negative;   thai^- 
is,  less  than  the  atmospheric  pressure.     In  the  small  venous  radicle^ 
coming  from  the  capillary  system  the  blood-current  is  more  rapid 
than  in  the  capillaries  themselves,  but  far  from  the  speed  of  that 
attained  in  the  corresponding  arterioles. 

There  must  of  necessity  be  other  influences  exerted  at  this  stage, 
since  the  energy  which  the  systole  of  the  heart  has  put  forth  has  been 
greatly  expended  before  it  reaches  the  veins. 

At  the  head  of  the  list  of  factors  conducive  to  venous  flow,  other 
than  cardiac  systole,  stand  the  contractions  of  the  skeletal  muscles. 

The  contraction  of  the  muscles  aids  the  passage  of  the  venous 
flow  somewhat  as  follows:  When  pressure  is  brought  to  bear  upon 
the  vein  with  its  contents  at  any  particular  point  naturally  the  con- 
tained blood  will  endeavor  to  escape  in  two  directions.  That  escap- 
ing toward  the  capillary  system  is  soon  checked  by  the  closing  of 
the  first  pair  of  valves,  so  that  this  portion  of  the  vein  becomes 
swollen  and  distended,  but  firmlv  holds  the  blood.  The  closure  of 
the  valves  allows  a  current  to  be  established  in  but  one  direction, 
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and  that  toward  the  heart,  thereby  assisting  venous  flow  in  propor- 
tion to  the  extent  of  pressure  exerted.  In  the  limbs  is  found  this 
aid  to  venous  circulation.  Should  the  muscles  remain  in  a  state  of 
tetanic  contraction,  the  venous  blood  passing  out  collects  in  the  sub- 
cutaneous system,  for  it  must  be  remembered  that  particularly  numer- 
ous anastomoses  with  one  another,  as  well  as  the  deep  with  the  super- 
ficial veins,  are  characteristic  of  this  system.  That  the  muscles  aid 
venous  flow  is  nicelv  demonstrated  by  the  increased  flow  from  an 
incised  vein  during  contraction  of  its  adjacent  muscles  when  perform- 
ing venesection. 

The  action  of  the  diaphragm  and  intercostals  helps  to  render  the 
intrathoracic  pressure  negative  during  inspiration;  so  that  the  blood 
is  drawn  from  the  peripheral  portion  of  the  venous  tree  toward  the 
heart;  as  some  observer  states  it,  the  blood-column  is  actually  lifted 
in  the  ascending  vena  cava. 

Another,  though  less  important,  factor  in  venous  propulsion  is 
thoracic  suction.  For  every  time  that  the  chest  expands  and  makes 
in  its  interior  an  empty  space,  air  rushes  in  to  fill  the  same.  The 
venous  blood,  situated  in  the  vicinity  of  that  cavity,  also  is  helped  into 
its  intrathoracic  veins. 

Pathological. — By  standing  during  the  whole  day  barbers  and 
others  have  varicose  veins.  Walking  would  counteract  this  by  mus- 
cular contraction  emptying  the  veins.  The  tone  of  the  skin  also  has  an 
effect. 

Circulation  in  the  Brain. — Dr.  Leonard  Hill  states  that  the  brain 
content  of  blood  can  vary  suddenly  only  to  a  slight  degree,  and  that 
Monro's  doctrine  is  to  all  intents  and  purposes  true.  When  the  aortic 
pressure  rises  the  expansion  of  the  cerebral  volume  can  take  place  only 
to  a  certain  limited  degree,  for  as  soon  as  all  the  cerebro-spinal  fluid  is 
driven  out  from  the  cranium  the  brain  everywhere  is  in  contact  with 
the  rigid  skull.  We  have  in  the  vasomotor  center  a  protective 
mechanism  by  which  blood  can  be  drawn  at  need  from  the  abdomen 
and  supplied  to  the  brain.  At  the  moment  of  excitation  from  the 
external  world  the  splanchnic  area  contracts  and  more  blood  is  driven 
through  the  brain.  The  quantity  of  the  blood  in  the  brain  is  nearly 
the  same,  but  the  rapidity  of  the  circulation  in  the  brain  varies. 
Thus,  should  there  be  any  evidence  of  cerebral  congestion,  the  splanch- 
nic fibers  dilate  the  vessels  in  its  area  and  by  so  doing  decrease  the 
amount  sent  to  the  cavity  of  the  cranium.  Should  cerebral  anaemia 
occur  the  reverse  will  be  the  condition  of  affairs  in  the  splanchnic 
area. 
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If  the  pressure  in  the  large  veins  increases,  whilst  that  of  the 
aorta  is*  the  same,  then  there  is  more  blood  in  the  cranial  veins,  less  in 
the  cranial  arteries  and  a  slowing  of  the  rapidity  of  circulation  in  tbe 
brain.  If  the  pressure  in  the  aorta  is  elevated  and  that  in  the  large 
veins  remains  the  same,  then  the  cerebral  arteries  contain  more  blood, 
the  veins  less  and  the  rapidity  of  the  cerebral  circulation  is  acceleratei 
Howell  found  that  a  rise  of  pressure,  however  great,  in  the  cerAnd 
arteries  does  not  cause  directly  any  impediment  to  the  blood-flow,  either 
temporarily  or  permanently.  The  circulation  in  the  brain  behaycB 
in  this  respect  as  it  does  in  other  organs  of  the  body :  the  greater  the 
arterial  pressure  the  more  abimdant  is  the  flow  of  blood,  and  temporary 
ansemia  can  not  be  produced  in  this  way. 

The  existence  of  vasomotor  fibers  in  the  brain  is  still  a  subject  of 
debate. 

VASOMOTOR  NERVOUS  SYSTEM. 

Thus  far  the  circulatory  system,  except  the  heart,  has  -been  con- 
sidered almost  entirely  from  its  physical  standpoint:  that  it  is  a 
system  of  more  or  less  elastic  tubes  through  which  the  blood  is  pro- 
pelled by  the  action  of  the  heart.  There  was  considered  the  resist- 
ance which  its  passage  met  with,  the  pressure  exerted  by  this  vital 
fluid,  together  with  the  interpretations  and  the  physical  causes  for 
variations  in  each  function  or  property.  It  yet  remains  to  consider 
that  they  are  living  tubes,  and  that  they  and  the  heart  are  kept  in  a 
very  delicate  balance  by  reason  of  certain  physiological  mechanismg. 
The  agents  governing  their  functions  are  impulses  that  emanate 
from  the  central  nervous  system  via  certain  nerves.  The  circula- 
tory apparatus,  as  ever}-  other  system,  or  organ,  or  part  of  the  entire 
economy,  is  under  one  management  and  direction  located  within  the 
central  nervous  system.  It  is  this  latter  system  that,  by  the  main- 
tenance of  its  functions,  produces  harmony  and  division  of  labor 
throughout  the  entire  body. 

It  has  been  previously  stated  that  the  musculature  of  the  heart 
is  under  the  guidance  of  two  sets  of  nerve-fibers:  one  set  to  Restrain 
heart-action;  another  to  increase  it.  Likewise  there  are  two  sets  of 
fibers  which  supply  the  musculature  of  the  vessels  (particularly  the 
arterioles,  since  their  proportionate  quantity  of  circular,  unstriped 
muscular  fibers  is  greatest),  which,  together  with  their  centers,  con- 
stitute the  vasomotor  system. 

The  vasomotor  system  may  be  said,  then,  to  be  composed  of  the 
vasomotor  center,  situated  in  the  medulla,  together  with  some  acces- 
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8ory  and  subsidiary  centers  in  the  spinal  cord,  and  vam>motor  nerves. 
The  nerves  are  divided  into  two  classes,  according  as  they  increase  or 
diminish  the  caliber  of  the  arterioles:  those  which  increase  the  cali- 
ber are  vasodilators;  those  which  diminish  the  same  are  known 
as  vasoconstrictors.  All  nerves  that  in  any  way  influence  vessel- 
caliber  are  classed  under  the  general  head  of  vasomotor. 

How  the  Nerves  End. — The  manner  in  which  the  nerves  end  in 
the  walls  of  the  blood-vessels  is  an  important  subject.  According 
to  the  majority  of  histologists,  they  end  in  the  circular  muscle  of 
the  arterioles.  With  the  exception  of  the  portal  system,  there  has 
not  been  established  any  direct  proof  of  function  of  vasomotor  nerves 
in  regard  to  the  venous  system. 

Stilling,  in  1840,  knew  that  the  vascular  nerves  ran  in  the  sym- 
pathetic, and  he  named  these  nerves  vasomotors.  Claude  Bernard, 
in  1851,  found  that  after  section  of  the  cervical  sympathetic  the 
blood-vessels  of  the  ear  dilated  and  the  ear  became  warmer.  In 
1852,  Brown-S^quard  discovered  that  electrical  irritation  of  the 
cranial  end  of  the  sympathetic  was  followed  by  a  contraction  of  the 
blood-vessels,  and  that  this  contraction  was  followed  by  a  cooling  of 
the  ear. 

In  1858,  Bernard  found  that  when  the  chorda  tympani  was  irri- 
tated the  blood-vessels,  instead  of  being  constricted,  were  dilated. 
To  such  an  extent  did  dilatation  occur  that  the  blood  in  the  vein 
acquired,  instead  of  a  blue  color,  a  red  color.  The  veins  themselves 
became  swollen  in  size. 

These  various  observations  tend  to  prove  that  there  are  two 
kinds  of  vasomotor  nerves :  vasoconstrictors  and  vasodilators. 

Functions. — Ordinarily  the  arterioles  are  in  a  state  of  tonicity — 
moderate  contraction — ^to  maintain  peripheral  resistance;  otherwise 
the  flow  of  blood  through  the  capillaries  would  be  intermittent 
instead  of  continuous,  as  it  normally  is.  It  is  when  this  peripheral 
resistance  is  low  that  there  appears  a  capillary  and  venous  pulse. 

In  hot  weather  the  capillaries  of  the  skin  dilate;  in  cold  weather 
thev  contract. 

Another  very  important  function  of  the  vasomotors  is  their 
regulation  of  the  amount  of  blood-supply  to  any  part,  organ,  or  gland 
of  the  economy.  That  is,  they  govern  the  amount  found  within  the 
arterioles  and  capillaries  of  the  tissues. 

The  vasoconstrictor  nerves  arise  from  a  center  in  the  medulla 
oblongata,  pass  down  the  lateral  columns,  and  establish  communica- 
tion with  minor  vasomotor  centers  in  the  spinal  cord,  and  then  from 

ti 


326  PHYSIOLOGY. 

erigentes  leave  the  cord  by  the  anterior  roots  of  the  first,  second  and 
third  sacral  and  go  into  the  hypogastric  plexus.  The  vasodilators  of 
the  laryngeal  mucous  membrane  come  by  the  pneumogastric  for  irrita- 
tion of  the  peripheral  end  of  the  superior  laryngeal  makes  the  mncous 
membrane  red. 

All  the  facts  show  that,  with  the  exception  of  the  vasodilators, 
which  flow  in  the  different  cranial  nerves,  the  majority  of  branches  are 
found  mixed  with  the  vasoconstrictors  in  the  sympathetic  trunks,  and 
the  same  nerve,  like  the  sciatic,  can  give  vasoconstriction  or  vaso- 
dilation.   The  museles  are  mainly  supplied  with  vasodilators. 

The  results  of  irritation  of  the  vasodilators  are  necessarily 
opposite  to  those  which  result  from  an  irritation  of  a  vasoconstrictor. 
With  vasodilators  the  blood-pressure  falls  in  the  dilated  vessel  and  the 
veins  by  the  increased  flow  of  blood  have  an  elevation  of  pressure,  the 
organs  supplied  by  these  nerves  become  red  and  their  volume  and 
temperature  increase. 

All  vasomotor  nerves  are  distributed  to  unstriped,  involufUarfj 
muscles ;  spinal  nerves  to  striped  voluntary  muscles.  The  former  are 
always  characterized  by  being  ganglionated ;  in  other  words,  possessing 
cell-stations,  or  relays,  in  their  course  from  the  central  nervous  system 
to  the  muscular  fibers  which  they  govern. 

The  vasodilator  nerves  behave  very  similarly  to  the  cardiac 
branches  of  the  vagus,  for,  when  both  are  stimulated,  the  result  pro- 
duced is  inhibition  and  relaxation.  Nicotine  is  said  to  be  a  powerful 
excitant  of  the  vasodilators. 

Becognition. — It  is  easy  to  recognize  a  vasodilator  nerve  when 
it  contains  no  other  fibers.  But,  should  it  be  mixed  with  vasocon- 
strictors going  to  the  same  organ,  it  becomes  necessary  to  make  spe- 
cial arrangements.  These  are  occasioned  by  the  fact  that  the  vaso- 
constrictors usually  overcome  the  dilators.  However,  the  constrictors 
become  tired  more  quickly,  and  after  they  are  exhausted  the  vaso- 
dilators act. 

By  warming  or  cooling  an  extremity  with  water,  the  experi- 
menter can,  on  irritating  a  nerve,  obtain  a  dilatation  or  a  narrowing 
of  the  blood-vessels  supplied  by  it.  When  in  the  same  nerve  two 
kinds  of  vasomotors  run,  then  by  the  same  irritation  in  warming  the 
foot  there  is  obtained  a  contraction  of  the  vessels,  and  in  the  second 
place  a  dilatation  on  cooling  the  foot. 

Differences  in  Two  Slinds  of  Nerves. — Vasomotor  nerves  present 
differences  in  their  actions  dependent  upon  division  and  degeneration 
in  the  same.    After  degeneration,  an  irritant  to  a  nerve  calls  out 
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vasodilation^  while  tu  a  uerve  in  tlie  fresh  state  the  same  irritant 
produces  a  primary  vasoconstriction. 

By  variation  in  the  frequency  and  strength  of  the  irritation 
there  is  afforded  a  means  to  differentiate  the  two  kinds  of  nerves 
which  may  traverse  the  same  nerve  trunk.  The  vasodilators  are  ex- 
cited by  weak  currents  and  slow  rhythm.  The  vasoconstrictors  are 
irritated  by  stronger  currents  and  greater  frequency  of  irritation. 

Theory  of  Vasodilator  Action. — ^The  vasodilators  act  upon  the 
circular  arterial  muscle  directly.  How  they  act  is  still  hypothetical. 
Since  physiologists  know  of  no  muscle  through  whose  contraction 
^t  blood-vessels  become  more  dilated,  it  is  assumed  that  vasodilation 
is  due  to  a  paralysis  of  the  circular  fibers  of  the  vessels.  That  is,  the 
dilators  must  be  inhibitory  or  vaso-inhibitory  nerves. 

The  tonus  of  a  blood-vessel  depends  partly  upon  impulses  from 
the  central  nervous  system  via  the  vasoconstrictors.  It  is  upon  the 
circular  muscles  that  the  dilators  are  supposed  to  exert  an  inhibitory 
action. 

Frequent  allusions,  during  the  discussion  of  the  vasomotor  sys- 
tem, have  been  made  to  the  effects  of  experiments  upon  various  vaso- 
iHotor  ner>'e8.  They  have  been  nearly  all  performed  upon  animals, 
and  consist,  in  the  main,  of  section  and  excitation  of  various  kinds: 
electrical,  thermal,  etc.  By  these  means  much  has  been  learned  con- 
cerning this  verj'  important  system — important  to  the  physician  as  a 
means  of  explaining  many  pathological  conditions. 

Vasomotor  Centers. — ^The  main  vasomotor  center  lies  in  the  floor 
of  the  fourth  ventricle  in  its  gray  matter.  It.  is  located  on  each  side 
of  the  median  raphe,  and  extends  three  millimeters  from  a  little 
above  the  nib  of  the  calamus  scriptorius  to  near  the  corpora  quad- 
rigemina.  Its  position  was  determined  by  noting  that  when  it  was 
destroyed  there  was  a  lack  of  tonicity  displayed  by  all  of  the  arteri- 
oles, with  a  consequent  fall  in  blood-pressure.  When  this  same  area 
was  stimulated  all  of  the  arterioles  were  constricted,  giving  a  rise 
in  blood-pressure  as  a  sequel.  Section  of  the  cervical  spinal  cord 
permits  all  the  arterioles  to  dilate  as  tiie  main  vasomotor  center  has 
been  cut  off  and  the  blood-pressure  falls  to  10  millimeters. 

Spixal  Vasomotor  Centers. — Experiments  demonstrate  that 
with  the  destruction  or  paralysis  of  the  main  center  there  results  a 
drop  in  blood-pressure;  if,  however,  tlie  animal  be  kept  alive  by  arti- 
ficial respiration,  after  a  variable  length  of  time  the  arterioles  regain 
their  tonicity  and  there  is  a  corresponding  rise  in  pressure.  This 
phenomenon  is  accounted  for  by  the  presence  of  minor  or  subsidiary 
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The  vasoconstrictor  center  is  excited  during  dyspna»a  and  as- 
pbyxia.  This  occurs  on  account  of  the  accumulation  of  carbonic  acid 
in  the  blood.  This  action  explains  why  the  arteries  in  the  cadaver 
are  free  from  blood.  Strychnine,  nicotine,  and  Calabar  bean  also 
excite  the  vasoconstrictor  center. 

Advantages  of  Vessel  Innervation. — By  reason  of  vascular  tonic- 
ity the  diameters  of  the  vessels  are  a  trifle  too  small  to  contain  all 
tlie  blood  ;  so  that  the  vascular  walls  are  obliged  to  dilate.  The  result 
is  pressure  and  circulation  of  the  blood. 

When  various  organs  and  parts  of  the  body  are  in  activity  they 
require  an  excess  of  blood.  This  surplus  is  furnished  by  a  dilatation 
of  the  capillaries  of  the  part.  Ludwig  compared  the  vasomotor  cen- 
ters to  turn-cocks  in  a  great  city.  They  turn  off  the  water-supply 
from  one  district  and  at  the  same  time  turn  it  on  in  another. 

As  previously  stated,  the  cutaneous  circulation  regulates  the  losses 
of  lieat. 

When,  from  the  influence  of  cold,  the  capillaries  of  the  skin  are 
narrowed,  the  internal  organs  are  congested.  Under  the  action  of 
heat  the  skin  is  congested  and  the  internal  organs  made  anaemic. 
This  increase  in  the  blood-supply  in  those  parts  where  needed  has 
been  ingeniously  demonstrated  by  Mosso.  He  placed  a  man  upon 
a  very  large  board  which  was  most  delicately  balanced  at  its  center. 
By  use  of  it  he  demonstrated  that  whenever  the  man  began  to  think 
the  increased  blood-supply  in  his  brain  caused  the  head  to  go  down 
and  the  heels  to  rise  up. 

In  muscular  work  the  vessels  of  the  muscles  and  skin  are  dilated, 
whilst  the  intestinal  arterioles  supplied  by  the  splanchnics  are  con- 
tracted ;  hence  the  arterial  tension  is  increased. 

About  one-half  the  blood  in  the  body  is  stored  up  in  the  thorax 
and  abdomen ;  hence  it  can  quickly  supply  a  large  amount  of  blood  to 
any  organ  in  activity  which  needs  it.  The  kidney  when  compared  with 
other  organs  receives  a  large  quantity  of  blood  for  its  important  duties 
of  removing  the  waste  matter  from  the  body. 

Vasomotor  Beflezes. — ^The  afferent  nerves  stand  in  relation  to  the 
main  vasomotor  center  in  such  a  way  that  they  can  either  excite  or 
inhibit  its  activity.  A  pressor  nerve  is  one  which  when  stimulated 
reflexly  excites  the  vasomotor  center  and  produces  a  rise  of  blood- 
pressure.  A  depressor  nerve  is  an  afferent  nerve  which  when 
stimulated  inhibits  the  activity  of  the  main  vasomotor  center.  In  the 
afferent  nerves  we  have  these  two  kinds  of  fibers — ^pressor  and  depres- 
sor.   The  pressor  fibers  are  especially  found  in  the  nerves  of  the  skin. 
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motor  centers  there  are  two  kinds  of  fibers,  pressor  and  depressor. 
(1)  The  pressor  fibers  cause  a  vascular  narrowing,  due  to  a  reflex 
stimulation  of  the  vasoconstrictor  center.  (2)  The  depressor  fibers 
cause  dilatation  of  the  arterioles  and  a  fall  of  arterial  blood-pres- 
sure, due  to  reflex  inhibition  of  the  vasoconstrictor  center,  as  with  the 
nervous  depressor. 

There  are  also  reflex  vasodilator  fibers,  which  lower  arterial  blood- 
pressure  by  a  stimulation  of  the  vasodilator  center,  as  in  the  congestion 
of  erectile  tissue  and  the  afflux  of  blood  to  glands  in  activity. 

The  vasomotor  changes  can  be  studied  by  means  of  instruments 
which  register  the  changing  volume  of  a  part  at  each  systole  of  the 
heart  and  the  varying  diameter  of  the  arterioles.  These  instruments 
are  known  by  the  names  of  pleihysmograph  and  oncometer. 

Pathological  Conditions  of  Circulation. — In  mitral  regurgitation 
the  dilatation  and  hypertrophy  of  the  left  side  of  the  heart  are  due 
to  the  blood  running  back  from  the  ventricle  at  each  systole.  This 
<5tate  of  affairs  keeps  the  auricle  overfilled,  and  the  backing  of  the 
blood  causes  congestion  in  the  pulmonary  capillaries,  which  results  in 
cough  and  dyspnoea. 

Sudden  death  can  result  from  a  thrombus  of  the  coronary  artery 
or  an  obliterating  arteritis  of  this  vessel. 

The  secretion  of  the  urine  is,  to  a  great  extent,  under  the  varying 
arterial  tension  due  to  vasomotor  activity.  In  fever  the  vasomotor 
system  is  concerned  in  the  flushing  of  the  face  and  body. 

Hutchison  states  that  the  missing  of  beats  in  the  pulse  may  be 
caused  by  excess  of  excitability  in  the  auricles,  so  that  they  contract 
before  the  ventricles  have  finished  their  systole,  or  to  occasional  want  of 
conduction  from  auricle  to  ventricle  in  the  muscle ;  or  by  an  excess  of 
excitability  in  the  ventricles,  so  that  they  contract  before  the  impulse 
arrives  from  the  auricle,  hence,  when  this  impulse  does  arrive  the 
ventricle  is  refractory  and  does  not  respond.  We  can  separate  the 
causes  in  part  by  the  fact  that  ventricular  intermission,  during  which 
the  auricle  continues  to  beat  regularly,  must  always  be  twice  as  long 
as  the  ordinary  pulse  interval. 

Clinical  experience  teaches  that  irregularity  of  the  heart  seems 
especially  to  take  place  when  the  auricle  is  diseased.  There  is  a  form 
of  irregularity  of  the  heart  due  to  a  want  of  synchronism  in  action 
between  the  two  auricles  or  two  ventricles  respectively  or  between  the 
two  sides  of  the  heart  as  a  whole. 

Cardiac  Dyspnoea. — Dyspnoea  of  heart  diseiise  is  due  to  insufficient 
oxidation  of  a  slowed  blood-current  and  to  effect  of  COo  on  the  center 
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i)f  respiration.  Changes  also  take  place  in  the  epithelium  of  the 
alveolus. 

Cardiac  Pain. — Pain  in  the  heart  is  due  to  disease  of  the  coronary 
arteries  and  of  the  origin  of  the  aorta. 

Ezc€8S  of  Cironlating  ilaid. — The  continuous  drinking  of  large 
quantities  of  water  may  cause  the  heart  to  increase  its  systolic  force  to 
overcome  the  increased  amount  of  circulating  fluid  but  finally  it  may 
fatigue  itself,  weaken  and  cease  acting.  Hence  an  excess  of  drinking  of 
fluid  is  injurious  in  weakness  of  the  muscular  structure  of  the  heart. 

Effect  of  Various  Conditiona. — Exercise,  mental  work,  rage  and 
cold  elevate  blood-pressure ;  the  last  two  causes  often  produce 
apoplexies.     Heat,  rest  and  sleep  depress  the  arterial  tension. 

Pharmacological. — Adrenalin  greatly  elevates  blood-pressure  by 
an  action  on  the  muscular  structure  of  the  arterioles,  or,  according 
to  Langley,  by  an  action  on  the  myoneural  substance.  Amyl  nitrite 
or  nitroglycerine  lowers  arterial  tension  chiefly  by  an  action  on  the 
walls  of  the  arterioles.  Adrenalin,  when  given  with  nitroglycerine, 
overcomes  its  action  on  blood-pressure. 

Urea  increases  arterial  tension  by  an  irritation  of  the  vasocon- 
strictor center.  On  the  vessels  of  the  kidney  urea  acts  locally  as  a 
vasodilator. 


CHAPTER  VII. 

I 

RESPIRATION. 

The  study  of  digestion  and  circulation  has  taught  the  reader  tl 
nature  of  the  methods  and  the  avenues  along  which  ingested  matt 
rials  must  pass  in  the  processes  of  their  elaboration  in  order  to  main 
tain  the  requirements  of  life.     It  has  also  made  him  acquainted  witl 
the  various  forms  under  which  those  materials  became  absorbable  aad 
miscible  with  the  blood,  and  which  must  necessarily  be  renewed  in 
proportion  as  the  latter  is  changed  by  the  nutrient  movement.    It  is 
known,  too,  that  the  liquid  and  soluble  products  of  digestion  and  the 
lymph  itself,  when  poured  into  the  venous  blood,  do  not  have  the  qual- 
ities of  a  directly  nutrient   fluid    immediately    after   their   miitnie 
with  the  blood.     In  order  that  these  qualities  should  develop  it  is 
necessary  that  there  should  occur  the  intervention  of  an  essential  ele- 
ment, which  animals  find  in,  and  incessantly  draw  from,  the  envelop- 
ing atmosphere — oxygen.     The  latter  is  the  great  agent  in  the  final 
transformations  which  the  various  organic  matters  must  undergo. 
The  introduction  of  a  certain  proportion  of  oxygen  into  the  economy 
is,  therefore,  the  first  aim  of  the  function  of  respiration. 

The  general  tendency  of  the  various  gases  to  mingle  even  when 
wet  menibranes  separate  them  has  been  pointed  out.     Looked  at  in 
its  essential  character,  the  respiration  of  animals  consists  in  a  single 
exchange  of  gases  which  takes  place  during  the  action  exercised  by 
the  air  u[)on  the  ])lood.     In  fact,  atmospheric  oxygen,  brought  into 
contact  with  a  thin,  mem])ranou8  wall,  passes  through  it  and  pene- 
trates tlie  blood,  while  the  carbonic-acid  gas  contained  in  that  liquid 
is  freed  from  it  throu<^h  the  same  membrane.     Therefore,  if  respira- 
tion, on  the  one  liand,  takes  something  away  from  the  blood,  on  the 
other,  it  communicates  to  it  a  principle  which  renders  it  suitable  to 
complete  the  orj^ans,  furnish  material  for  their  secretions,  or  to  repair 
their  losses,  while,  at  the  same  time,  it  gives  rise  to  a  disengage- 
ment of  heat  indispensable  to  the  free  exercise  of  the  functions.     It 
is  this  vivifying  princi])^e  which  combines  with  the  organic  matters 
of  the  blood  to  form  the  water  and  carbonic  acid  that  are  unceas- 
ingly eliminated  by  expiration  and  which  are  soon  decomposed  in 
the  atmosphere  under  the  influence  of  solar  radiation^  to  furnish  car- 
bon and  hydro^ren  to  vegetation. 

(:5:j'j)       ■ 
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The  blood,  with  its  complex  constitution,  becomes  in  this  way 
the  principal  medium  for  all  the  phenomena  of  nutrition.  It  ig 
known  to  be  collecting,  in  its  course,  for  its  own  reconstitution,  cer-r 
tain  materials  elaborated  by  the  digestive  passages  and  then  deposit-; 
ing  assimilable  principles  in  the  various  tissues.  The  blood  repre^ 
sents,  therefore,  a  reparatory  fluid  whose  continual  renewal  and 
destruction,  intrusted  to  digestion  and  respiration,  constitute  the  twc 
inseparable  conditions  for  existence  of  the  higher  animals. 

When  air  is  fed  to  the  wood  in  the  firebox  of  a  boiler  a  process 
known  as  burning  takes  place.  It  is  a  real  chemical  process:  the 
oxygen  unites  with  the  carbon  and  hydrogen  of  the  wood,  so  that 
both  the  wood  and  oxygen  disappear  as  such.  The  carbon  and  a  por- 
tion of  the  oxygen  unite  to  form  carbonic-acid  gas.  The  hydrogen 
and  the  remainder  of  the  oxygen  by  their  union  form  water.  The 
two  substances  thus  formed  pass  off  in  the  smoke,  leaving  behind  as 
the  debris,  or  ashes,  the  mineral  part  of  the  wood.  By  this  burning 
also  termed  oxidation,  heat  and  a  flame  are  produced. 

Within  the  body  there  occurs  an  analogous  process,  also  termed 
oxidation,  whereby  the  oxygen  inhaled  into  the  body  slowly  bums  the 
protoplasm  of  cells  in  a  manner  similar  to  the  burning  of  the  wood  in 
the  boiler.  This  process  within  the  body  is  performed  so  slowly  that 
there  is  no  appearance  of  a  flame,  but  there  is  yielded  the  same 
amount  of  heat  as  would  be  produced  were  the  same  materials  burned 
within  a  furnace  or  stove.  Some  of  this  heat  is  utilized  to  give  warmth 
to  the  body,  while  the  remainder  of  it  is  converted  into  power  and 
energy,  so  that  the  body  may  do  work,  either  of  motion,  thought,  or 
manufacturing  the  various  products  of  the  body.  Oxidation  is  the 
esi^ential  process  of  life;  when  it  ceases,  life  ends.  It  occurs  in  every 
cell  of  the  economy.  Its  degrees  of  oxidation  in  the  living  cells  can  be 
heightened  or  lowered  according  to  the  needs  of  the  body.  The  end- 
prodncts  of  body-oxidation  are  also  carbonic-acid  gas,  water,  and  ashes, 
or  urea  as  occurred  in  furnace  oxidation. 

Prom  studies  in  general  physiology  it  is  known  that  tlie  peculiar 
form  of  energy  which  is  called  hfe  exists  only  in  association  with 
living  cells  or  living  organisms.  It  is  liberated  during  a  catab- 
olism,  or  destructive  metabolism  of  living  cell-protoplasm,  and  this 
metabolism  is  possible  only  in  the  presence  of  oxygen.  During  these 
catabolic  metabolisms  the  living  protoplasm  of  the  cell,  the  deeply 
complex  protoplastic  molecule,  is  split  up  into  two,  perhaps  more, 
simpler  molecules;  these  last,  which  probably  represent  proteids, 
may  again  separate  into  still  simpler  ones.     Each  change  from  a 
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complex  compound  to  a  simpler  one  leads  to  (1)  liberation  of  energy 
upon  which  depend  the  numerous  activities  of  life  and  (2)  to  a  new 
combination  of  the  simpler  molecules  with  oxygen.  Thus,  orugfn 
is  the  cause  of  combustion,  and  the  complement  of  catabolism. 

Respiration  is  the  general  term  that  includes  all  of  those  activ- 
ities that  are  involved  in  the  furnishing  of  oxygen  to  the  tissues  and 
the  removal  'of  COj  from  tlie  tissues  of  a  living  organism. 

The  re8j)iratory  phenomena  do  not  exist  in  man  and  the  aerial 
vertebrates  only.  They  are  found,  of  the  most  varied  kinds,  in  all  of 
the  animal  species,  even  in  the  lowest ;  these  last,  lacking  true  blood 
as  well  as  a  digestive  tube,  have  particular  juices  introduced  by  ab- 
sorption, the  nutritive  quality  of  which  can  develop  only  under  the 
vivifying  influence  of  atmospheric  oxygen.  It  may  here  be  added 
that  the  intervention  of  this  gas  is  as  indispensable  to  the  plant  as  to 
the  animal  in  all  periods  of  life.  The  sap,  analogous  to  the  blood, 
cannot  be  sufficiently  elaborated  and  become  a  really  nourishing 
fluid  except  by  the  oxygen. 

When  a  function  is  found  in  all  living  beings,  it  is  logical  to 
conclude  that  it  represents  one  of  the  fundamental  conditions  of 
their    existence.     Respiration    incontestably    offers    that    character. 
Not  only  do  all  living  species  breathe  at  their  different  ages,  but  they 
cannot  develop,  or  persist  in  their  development,  except  by  the  accom- 
plishment of  that  function.     The  most  positive  experiments  have 
demonstrated  that  the  cell  of  the  plant  and  the  cell  of  the  animal 
breathe,  one  in  the  seed  and  the  other  in  the  egg  in  which  it  is  organ- 
ized, and  that  all  development  is  arrested  as  soon  as  communication 
with  the  atmospheric  air  is  prohibited.     The  seed  absorbs  oxygen 
from  the  air  for  the  benefit  of  the  young  plant  that  it  contains,  fixes 
some  traces  of  nitrogen,  and  at  the  same  time  exhales  a  considerable 
quantity  of  carbonic  acid. 

It  was  in  a  chicken's  egg  that  respiration  of  the  embr}'o  was  first 
reco^ized;  when  the  surface  of  the  egg  was  covered  with  an  im- 
pervious coating  of  oil  or  varnish,  the  embryo  failed  to  develop. 
Later  it  was  proved  that  the  egg  containing  a  chick  in  the  process 
of  development  also  absorbs  oxygen  and  exhales  carbonic  acid. 

The  life  of  mammals  shows  another  form  of  the  phenomenon: 
in  them  the  fo'tiis,  by  reason  of  a  certain  unioi)  of  its  vascular  appa- 
ratuses, draws  from  the  blood  of  the  mother  the  necessary  oxygen 
which  its  pulmonary  surface  cannot  yet  supply.  The  villi  of  the 
placenta,  plunged  into  the  vascular  sinuses  of  the  uterus,  effect 
a  kind  of  respiration  iliere. 
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THE    RESPIRATORY    APPARATUS. 

The  object  of  respiration  is  twofold,  viz. :  to  supply  the  oxygen 
necessary  for  the  numerous  oxidation  processes  that  are  constantly 
occurring  within  the  body,  as  well  as  to  remove  the  carbon  dioxide 
formed  within  the  body.  The  most  important  organs  for  this  pur- 
pose are  the  lungs  or  the  gills,  as  the  case  may  be,  though  it  must 
never  be  entertained  for  a  moment  that  they  are  the  special  seats  for 
thoee  combustion-processes  whereby  carbonic  acid  ensues  as  the  final 
result  These  processes  occur  in  all  parts  of  the  body  in  the  sub- 
stance of  the  tissues.  The  lungs  or  the  gills  are  merely  the  medium 
for  the  exchange  of  the  two  essential  gases.  For  this  interchange  it 
becomes  necessary  that  the  atmospheric  air  should  pass  into  them  and 
that  the  changed  air  should  be  expelled  from  them. 

In  essence  a  lung  or  a  gill  is  constructed  of  a  thin  membrane, 

whose  one  surface  is  exposed  to  the  air  or  water, — depending  upon 

the  species  of  animal, — while  on  the  other  surface  there  is  a  network 

of  blood-vessels,  the  separating  membrane  between  the  blood   and 

aerating  medium  being  the  thin  walls  of  the  small  blood-vessels  and 

the  fine  membrane  upon  which  they  are  distributed.     The  principle 

is  always  the  same  in  all  respiratory  apparatuses;    the  difference 

between  the  simplest  and  most  complicated  ones  is  one  of  degree 

only. 

In  all  animals  in  which,  by  reason  of  their  complex  structure,  it 
becomes  necessary  to  have  special  arrangements  for  the  performance 
of  the  respiratory  function  it  is  found  that  the  act  is  divided  into 
two  stages:  (a)  an  external,  respiration,  where  the  interchange  is 
between  the  air  or  water  on  the  one  hand,  and  the  circulating 
medium  of  blood  on  the  other,  as  it  passes  through  richly  vascu- 
lar skin,  tracheae,  gills  or  lungs;  {h)  an  internal  respiration,  which 
is  an  interchange  between  the  blood  or  the  lymph  and  the  cells  of  the 
various  tissues  of  the  entire  body. 

Our  consideration  of  the  subject  will  confine  us  to  the  study  of 
the  human  respiratory  organs.  The  most  important  of  the  human 
apparatus  are  the  lungs,  which  are  contained  within  the  closed  chest, 
or  thorax,  and  have  no  communication  with  the  outside  except 
through  the  avenue  of  the  respiratory*f)a8sages. 

The  pulmonary  apparatus  consists  of:  (1)  the  air-passages — 
nose,  pharynx,  larynx,  trachea,  and  the  bronchi,  which  communicate 
with  the  lungs;  (2)  the  lungs  with  their  immense  number  of  small 
sacs,  known  as  the  air- vesicles ;   and  (3)  the  thorax.    The  accessory 

22 
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muBcIes  of  reapiratioD,  when  called  into  play,  make  the  thoras  act 
as  a  bellows,  forcibly  causing  ingrees  and  egress  of  air. 

The  Auvpauagei. — The  very  firet  portion  of  the  respiratory  paa- 
aagevay,  the  nose,  Ib  the  organ  of  the  special  sense  of  smell  and  will 
be  treated  in  detail  when  that  subject  is  discussed ;  the  anatomy  of 
the  pharynx  has  been  preriously  noted  when  the  alimentary  canal  was 
under  attention.  The  larynx  is  placed  at  the  upper  part  of  the  pas- 
sage, being  a  dilatation  of  the  trachea.  It  is  the  cartilaginous  box 
which  contains  the  structures  concern^  in  the  production  of  voice. 
It  will  be  described  later  in  connection  with  that  function. 


Fig.  111. — Human  Respiratory  Apparatus.      (Ddval.) 
It  abavi  Ui«  br*DchlTiB  o[  tbe  bronchia  in  Iba  latertor  ot  the  lunfi. 

The  Traohea  and  Bronchi. — The  trachea,  or  windpipe,  is  a  com- 
bined membranous  and  cartilaginous  cylindrical  tnbe,  flattened  pos- 
teriorly. Commencing  opposite  the  fifth  cervical  vertebra,  it  ter- 
minates by  dividing  into  two  bronchi  opposite  the  third  dorsal  ver- 
t«bra.  Its  length  is  about  four  inches,  its  breadth  (lees  in  the  female 
than  in  the  male),  three-fourths  of  an  inch.  The  bronchi  diverge 
from  the  trachea  to  the  lungs  behind  the  great  blood-vessels  running 


RESPIRATION.  341 

tisfluefl.  This  water-teet  of  the  lungs  is  one  of  the  medico-legal  testa 
applied  to  aBcertain  whether  a  child  found  dead  was  "stillborn"  or 
vaa  a  victim  of  infanticide. 

The  substance  of  the  lung  is  of  a  light,  porous,  spongy  texture, 
crepitating  when  handled  because  of  the  air  contained  in  its  tissue. 
Lung-tissue  is  very  highly  elastic;  it  completely  collapses  when  re- 
moved from  the  thorax  or  if  the  thoracic  walls  be  punctured  so  as  to 
admit  air  from  the  outside  into  the  pleural  cavity. 


*   Fig.  113.— Mold  of  B  Terminal  Bronchus  and  a  Groap  of  Air-celli 
Moderately  DUtended  by  Injection,  from  the  Human  Subject.     (ROBIN.)     ■ 
(From  Milli's  "Animal   Piiysiology,"  copyright,   18S9,  by  D.  Appleton 
and  Company.) 

In  color  the  lungs  are  pinkish  at  birth,  but  of  a  mottled  slate 
color  in  adult  life.  The  dark-colored  patches  are  produced  by  the 
presence  of  carbonaceous  material  that  has  been  inhaled  and  deposited 
within  the  areolar  tissue  near  the  surface  of  the  organ.  The  carbon 
particles  are  absorbed  by  the  lymphatics,  being  carried  into  the  lym- 
phatic openings  by  the  leucocytes. 

Brottolii. — In  structure  the  bronchi  resemble  the  trachea.  In  the 
bronchi,  however,  there  are  unstriped  muscular  fibers  forming  the 
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muscularis  mucosce,  while  the  cartilaginous  elements  are  scattered 
about  equall]^  in  all  parts  of  their  circumference. 

As  the  bronchi  are  traced  in  tlie  lungs  they  divide  into  tubes  of 
less  diameter.  These  again  subdivide  into  tubes  growing  smaller  in 
a  gradual  manner.  After  a  certain  stage  of  division  each  tube  is 
reduced  to  about  one-fiftieth  of  an  inch,  and  is  denominated  a 
bronchiole.  These  bronchioles  then  open  into  blind  spaces  called 
infundibula,  which  are  lined  with  air-cells.  Near  the  ending  of  the 
bronchiole  with  the  infundibulum  the  former  ciliated  epithelium  dis- 
appears and  another  variety  of  epithelium  appears.  This  new  variety 
of  epithelium  consists  of  small,  flat,  polygonal  nucleated  cells.    This 


Fig.  114. — Termination  of  a  Bronchus  in  an  Alveolus. 
a,   Droncbiole.    b.  Cavity  of  the  alveolus,    r.  Air-cells. 

flat,  tilin  cj)itht»liuni  also  lies  over  the  blood-vessels  and  even  exten(l^ 
between  the  blood-vessels. 

The  alveoli  of  any  <i:roiip  or  series  always  communicate  with  one 
another  to  open  by  a  coiniiion  orilico  into  a  terminal  bronchus.  In 
size  they  average  rou<i:lily  one  one-hundredth  of  an  inch  in  diameter. 
Form  is  ^iven  to  the  air-cells  by  the  presence  of  a  fine  membrane  of 
slightly  fibrillated  connective  tissue  which  contains  some  corpuscles. 
This  is  closely  surrounded  by  a  great  many  fine,  elastic  fibers  which 
give  to  the  pulmonary  parenchyma  its  characteristic  elasticity. 
Some  nonstriped  muscular  fibers  are  apparent  in  the  connective 
tissue  between  the  cells;  in  certain  diseases  these  become  abnormallv 
developed.  The  number  of  alveoli  lias  been  estimated  to  be  seven 
liundred  and  twenti'-five  millions,  whose  superficial  area  is  sixty  times 
greater  than  that  of  the  body. 
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The  Pleura. — Each  lung  is  enveloped  by  a  serous  membrane— 
•the  pleura — composed  of  two  layers,  one  of  which  is  closely  adherent 
to  the  external  surface  of  the  lung;  the  other  adheres  to  the  inner 
surface  of  the  chest-wall.  These  layers  are  designated  visceral  and 
parietal.  The  visceral  pleura  envelops  the  lung,  while  the  parietal 
pleura  lines  the  thoracic  wall.  The  two  become  continuous  with  oac 
another  at  the  root  of  the  lung. 

By  this  means  two  large  serous  sacs  are  formed,  each  distinct 
and  separate  from  the  other.  The  pleural  tissue  is  composed  of  ^ 
layer  of  fibrous  tissue  covered  with  endothelium.  During  health  th  ^ 
two  layers  of  the  pleura  are  always  in  contact  with  one  another,  ju?^ 
enough  fluid  being  present  between  them  to  allow  of  their  glidingT 
over  one  another  with  but  very  little  friction  during  the  accomplish^ 
ment  of  the  respiratory  acts. 

Lymphatics. — ^These  are  very  numerous  in  lung-tissue  and  so 
arranged  as  to  form  several  systems. 

Nerves. — The  nervous  supply  of  the  lungs  is  from  the  anterior 
and  posterior  pulmonary  plexuses  derived  from  the  vagus  and  sympa- 
thetic. The  nerves  enter  the  lungs  to  follow  the  course  of  the 
bronchi  and  their  branches  and  end  in  the  unstriped  muscle. 

The  function  of  the  nonstriped  muscular  tissue  of  the  lungs 
seems  to  be  to  offer  a  general  resistance  to  increased  pressure  within 
the  air-passages  as  may  occur  during  forced  expiration,  as  speaking, 
singing,  blowing,  etc.  Tlie  vagus  is  the  nerve  which  supplies  motor 
fibers  to  these  muscle-fibers. 

MECHANISM  OF  RESPIRATION. 

If  re.sj)i ration  be  suspended  but  a  very  short  time  there 
will  soon  be  felt  a  lively  anxiety  due  to  the  nonsatisf action  of  an 
imperative  need.  This  sensation  of  anxiety  is  produced  by  an  inter- 
nal sensation  calling  for  need  of  breathing,  it  being  promptly  relieved 
by  the  proper  introduction  of  air  into  the  lungs.  When  the  air 
inspired  and  retained  ])econies  unfit  for  further  oxidation,  there 
arises  another  internal  sensation  which  calls  for  the  expulsion  of 
that  same  air.  Each  respiratory  nioyement  is,  therefore,  preceded 
by  a  particular  sensation  which  commands  its  execution. 

These  two  movoinents  constitute,  by  their  regular  succession,  a 
complete  respiration,  the  purpose  of  which  is  to  maintain  in  the  limgs 
regular  currents  which  serve  incessantly  to  renew  the  air  altered  by 
its  contact  with  the  blood.  The  mechanism  for  the  accomplishment 
of  respiration  consists  in  an  alternate  dilatation  and  contracticui- of 
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ihe  chest  by  means  of  which  air  ie  drawn  into  or  expelled  from  the 
longs.  These  two  acts  have  received  the  respective  names:  insptra- 
tiM  ind  expiration.  As  is  known,  the  whole  external  surfaces  of 
the  lungs  are  in  direct  contact  in  an  air-tight  manner  with  the  inner 
will  of  the  thorax,  so  that  the  lungs  must  be  distended  with  every 
dijitation  of  the  thoracic  wall  as  well  as  be  diminished  in  volume  by 
ererj-  contraction  of  the  same  wall.  The  movements  of  the  lungs 
in,  therefore,  for  the  most  part,  passive,  being  dependent  upon  the 
movements  of  the  thoracic  wall.  This  close  approximation  of  lung 
to  thoracic  wall  is  dependent  upon  a  state  of  elastic  tension  main- 
'aioed  within  the  lung,  due  to  pressure  exerted  by  the  presence  in 
'  'be  lung  of  residual  air. 


Fig.  lie. — Dfagmmmatie  Representation  of  the  Action  of  the 
Diaphragm.     ( BECi.Aiin. ) 

If  a  repnacnU  ■  plane  citrndliiB  In  expiration 
TtrMbra.  and  D  tbe  poaltlon  at  the  diapbragm  In  li 
moTc  to  A.,  Willie  the  diaphrism  will  deacend  to  d 

From  these  data  it  becomes  evident  that  ail  that  is  r 
for  the  production  of  inspiration  is  such  a  movement  of  the  walls 
r>r  the  diaphragm,  or  the  movement  of  the  two  synchronously,  thiit 
the  capacity  of  the  interior  should  be  increased.  By  reason  of  this 
increase  there  would  be  produced  a  temporary  vacuum  in  the  newly 
acquired  space,  or  at  least  a  great  diminution  of  pressure  within  the 
lungs,  so  that  atmospheric  pressure  upon  the  outside  is  greater  than 
that  within.  Consequently  there  will  he  generated  a  current  of  air 
proceeding  from  the  outside  air  through  the  larynx  and  trachea  into 
the  longs,  for  the  purpose  of  equalizing  the  pressure  upon  the  inside 
and  outside  of  the  chest.  The  moment  this  point  is  reached  there 
is  cessation  of  the  current.  This  incoming  of  the  air  constitutes  the 
first  of  the  two  acts  of  respiration,  namely:   itixpiratinn. 

For  the  expulsion  of  the  air  that  is  no  longer  fit  for  oxidation 
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and  abort  eleratora  of  the  ribs  and  the  external  iutercostals.  All  of 
these  muscles  by  their  coDtractioQ  directly  affect  the  expansion  of  the 
cheet.  The  diaphragm  is,  par  excellence,  the  muscle  of  inspiration; 
the  others  do  not  contract  very  extensively  except  for  the  needs  of 
labored  or  forced  inspiration.  The  scaieni  are  concerned  in  women 
to  aid  inspiration  of  the  su]»erior  costal  type,  which  is  peculiar  to 
the  sex. 

^lien  a. person  is  devoid  of  strong  emotions  or  is  not  engaged 


Fig.  118. — Schema  of  Re»pirntory  MpivhaniHiii  in  Inspiration. 
(LAULA.Mg.)      {fee  explanation,  Fig.  119.) 

in  work  or  c.xeruise,  the  hrcathing  is  <]iiiut  and  rcfjukr.  It  is  tht-n 
said  to  be  of  the  ordinary  tijiie  and  is  prindpully  diaplirafiiiiatit;  in 
character. 

When,  however,  the  breathing  is  extraordinary  in  type,  various 
other  muscles  are  called  into  action. 

The  size  of  the  chest-cavity  is  increased  in  (a)  it;  vertical 
diameter  as  well  as  in  (b)  its  hiteral  and  antcro-po.iterior  diameters. 
The  diameters  are  ascertained  by  means  of  calipers. 

From  the  student's  study  of  anatnriy  he  knows  that  the  dia- 
phragm, when  at  rest  and  in  a  state  of  ridaxation,  presents  the  gen- 
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In  ascending,  the  ribs  straighten  upon  the  spinal  column,  and, 
instead  of  the  lower  ones  in  particular  being  so  oblique,  are  now 
foimd  to  occupy  a  more  nearly  horizontal  plane.     This  increases  the 
antero-posterior  diameter.     At  the  same  time  that  the  ribs  are  raised 
they  undergo  a  movement  of  rotation,  by  virtue  of  which  they  sep- 
arate from  the  median  line  of  the  chest.     It  is  this  movement  which 
piwduces  an  enlargement  of  the  thorax  in  its  lateral  diameter  at  the 
same  time  the  antero-posterior  diameter  is  slightly  increasecl. 


Fig.  120. — Schema  of  Action  of  Intercostal  Muscles.     (Landois.) 

I.  When  the  rods  a  and  b  which  represent  the  ribs  are  raised,  the  inter- 
costal space  must  be  widened  {e,  f  —  c,  d).  On  the  opposite  side  when  the 
rods  are  raised  the  line  g-h  is  shortened  «,  k  —  g,  A),  the  direction  of  the 
external  Intercostal,  l-m.  Is  lengthened  {I,  m  —  o,  n)  in  the  direction  of  the 
dntemal   intercostals. 

II.  When  the  ribs  are  raised  the  intercartilaginei  indicated  by  g-h  and  the 
external  intercostals  indicated  by  l-k  are  shortened.  When  the  ribs  are  raised 
the  position  of  the  muscular  fibers  is  indicated  by  the  diagonals  of  the  rhombs 
becoming  shorter. 

During  extraordinary  inspiration — as  that  caused  by  violent 
muscular  exercise  or  when  some  pathological  condition  ia  present  so 
that  air  finds  its  way  into  the  chest  only  as  the  result  of  strong  mus- 
cular effort — ^the  other  muscles  are  called  into  service:  the  scaleni, 
sterno-cleido   mastoids,    trapezii,    letJscr    pectorals,    posterior    serrati, 
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rhomboids,  extensor  muscles  of  vertebral  column;    also  some  of  the 
laryngeal,  palate  and  facial  muscles. 

Expiration. — Expiration,   when   it   is   effected   with  the  aid  ol 
muscular  powers,  has  as  its  causative  agents  the  internal  intercostals, 
the  triangular  sterni,  the  two  oblique  and  transverse  muscles  of  the 
abdomen,  posterior  inferior  serratus  and  quadratus  lumborum.    It  is 
in  complex  expiration — as  crying,  coughing,  singing,  expectoration, 
sneezing,  etc.— that  the  preceding  muscles  enter  into  contraction.    Th^ 
abdominal  muscles  are  the  most  powerful  in  the  above-named  groups 
In  general,  it  may  be  said  that  any  and  all  muscles  concerned  in  th€^ 
depression  of  the  ribs  belong  to  the  expiratory  set  of  muscles. 

On  the  contrary,  ordinary  expiration  can  be  affected  by  the  mere? 
relaxation  of  those  factors  concerned  in  the  production  of  inspiration. 
During  this  relaxation  the  thoracic  and  abdominal  walls,  by  reason 
of  their  elasticity,  compress  the  air-distended  lungs,  and  by  so  doing 
compel  expiration.  The  lung-tissue  itself  helps  to  the  extent  of  its 
own  elasticity.  The  expenditure  of  that  power  and  energy  necessary 
to  produce  insi)iration  now  becomes  the  expiratory  exponent.  Dur- 
ing ordinary  and  tranquil  breathing  this  elastic  recoil  of  the  stretched 
components  is  amply  sufficient  to  expel  the  air  from  the  lungs.  Thus 
no  muscular  energy  is  required  to  perform  expiration. 

A  normal  lung  is  never  able  to  contract  to  its  fullest  ability, 
since  it  is  always  distended  to  some  extent  by  reason  of  its  cohesive 
attraction  with  the  interior  of  the  chest-walls,  as  well  as  because  of 
the  presence  of  a  certain  proportion  of  air  within  the  vesicles  which 
exerts  an  expansive  pressure. 

It  is  interesting  to  note  that,  tliough  the  expiratory  muscles  be 
more  numerous  and  powerful  than  the  inspiratory  ones,  it  is  because 
tlie  former  are  intended  especially  for  complex  expiration;  that  is  to 
Fay,  violent  actions,  since  ordinary  expiration  is  able  to  be  effected  by 
tlie  mere  chviticMty  of  the  parts.  During  expiration  the  lungs,  which 
were  dilated,  return  upon  themselves,  so  that  they  let  out  a  quantity 
of  air  nearly  corresponding  to  that  which  entered  at  first.  The  lungs, 
which  are  seen  to  be  entirely  passive  during  inspiration,  can  partici- 
pate actively  in  e.\|>iration,  particularly  in  such  complex  acts  as  ex- 
pectoration, cough in<r,  etc, 

MODES  OF  RESPIRATION. 

There  are  various  modes  of  respiration  in  man  and  in  mammals 
wliich  are  usually  claFsed  under  three  principal  types.  In  the  abdom- 
inal type,  characteristic  anion*:  children,  the  ribs  remain  motionless 
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and  the  respiratory  action  is  revealed  only  by  the  movements  of  the 

abdominal   wall;    this   becomes   projecting   during   inspiration    and 

sinks  during  expiration.     In  the  inferior  costal  type,  man's  type,  the 

respiratory  movements  take  place  especially  at  the  level  of  the  lower 

rite,  beginning  with  the  seventh.     Finally,  in  the  superior  costal,  or 

chvicukr,  type,  the  respiratory  movements  are  very  manifest  only 

about  the  upper  ribs,  especially  the  first,  which  are  carried  upward 

and  forward.     The  clavicle  also  participates  in  this  movement.     This 

^^t  tj'pe  is  the  mode  of  respiration  peculiar  to  women,  who  pre- 

^t  it  verj'  early.     The  state  of  pregnancy,  whicli  would  greatly 

interfere  with  the  other  types  of  respiration,  does  not  hinder  breath- 

%  very  much   in  this  last  type,  since  the  movements  take  place 

flatarally  at  the  upper  part  of  the  chest. 


Fig.  121. — Tracing  of  a  Respiratory  Movement.     (Foster.) 

A  whole  respiratory  moTement  is  comprised  between  a  and  a,  inspiration 
^xtendlns  from  a  to  b  and  expiration  from  b  to  a.  The  waves  at  c  are  caused 
^y  heart-beats. 

Mays  and  Kellogg  have  found  that  pure-blooded  Indian  girls, 
ho  have  never  worn  corsets,  usually  have  the  abdominal  type  and  not 
^^e  costal  type  of  respiration.  Fitz  found  little  or  no  difference  in  the 
^  ype  of  respiration  of  the  two  sexes  when  the  corset  had  been  removed. 

The  superior  costal  type  is  perfectly  established  in  girls  and 
\romen  who  have  never  worn  a  corset  and  tliis  is  probably  due  to 
liereditv. 

Among  animals  the  abdominal  type  of  respiration  is  foimd  in 
the  horse,  the  cat,  the  rabbit  and  the  inferior  costal  type  in  the  dog. 

The  Stethograph,  or  Pneumograph. — To  gain  an  exact  idea  of 
the  time  occupied  in  the  various  phases  of  respiration  it  becomes  neces- 
sary to  obtain  its  ctirve,  or  pnciiwafograni.  The  apparatus  for  re- 
cording these  respiratory  movements  is  termed  a  sicthograph,  or 
pneumograph. 

The  simplest  form  of  stethograph  is  that  of  Brondgeest.  It  con- 
sists of  a  brass  saucer-shaped  vessel  covered  with  a  double  layer  of 
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introduces   into  the   pulmonary   apparatus  about  80  cubic  inches 
of  air. 

Among  the  numerous  observers  who  have  occupied  themselvea 
with  the  study  of  the  quantity  of  air  put  into  circulation,  Herbst  and 
Hutchinson,  in  particular,  may  be  cited.  The  tatter's  spirometer  is 
the  instrument  which  has  been  most  frequently  used  to  secure  data 
in  experiments  along  this'  line.  It  represents  essentially  a  gaso- 
meter. It  is  furnished  with  a  fixed  scale  and  a  movable  indicator; 
the  latter  follows  the  movements  of  the  air  receiver  and  indicates 
them  on  the  graduated  scale.  The  receiver  dips  into  a  reservoir 
filled  with  water  and  communicates  with  the  chest  of  the  experi- 
menter by  means  of  a  rubber  tube  ending  in  a  glass  or  metal  funnel. 

To  measure  the  volume  of  air  concerned  in  exaggerated  respira- 
tion, the  experimenter  is  made  to  stand  up,  care  being  taken  that  his 
chest  is  free  from  any  restraint  that  would  hinder  the  mobility  of  his 
chest.  After  several  forceful  inspirations  and  expirations,  he  inhales 
the  greatest  quantity  of  air  that  he  can  draw  into  his  lungs.  With 
the  tube  of  the  spirometer  between  his  lips  he  then  makes  the  fullest 
possible   expiration. 

By  subjecting  about  two  thousand  persons  to  this  test  Hutchin- 
son recognized  that  the  quantity  of  air  which  a  maximum  inspiration 
and  expiration  can  put  into  circulation  varies  according  to  the 
individual.  It  is  230  cubic  inches  for  a  man  5  feet  8  inches  in 
stature.  According  to  this  observer,  the  prime  factor  in  producing 
variance  in  pulmonary  capacity  is  mainly  the  size  of  the  individual. 

For  every  inch  of  height  from  6  feet  to  6  feet,  8  additional 
cubic  inches  are  given  out  by  a  forceful  expiration  after  a  full 
inspiration.  Vice  versa,  for  every  inch  below  the  5-foot  mark  the 
capacity  is  diminished  by  the  same  amount. 

The  mobility  of  the  thoracic  walls  has  here  a  real  influence. 
Persons  with  narrow  chests  are  sometimes  found  who  can  dilate  the 
thorax  much  more  than  those  in  whom  the  circumference  of  that 
part  of  the  body  is  greater.  With  equal  dimensions,  the  number 
indicated  by  the  spirometer  increases  with  the  dilatability  of  the 
thorax. 

The  individual's  capacity  appears  to  be  greatest  in  the  period 
from  the  twenty-fifth  to  the  fortieth  year,  showing  a  gradual 
increase  until  the  latter  mark  is  reached.  From  this  point  it  begins 
to  diminish,  to  become,  in  old  age,  less  than  it  was  even  in  youth. 

Observers  agree  in  admitting  that,  in  woman,  the  maximum 
volume  expired  is  perceptibly  less  than  in  man.     The  difference  is 
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usually  represented  by  50  cubic  inches.  Abdominal  tumors,  what- 
ever their  nature  and  whatever  the  organ  affected,  have  the  constant 
effect  of  diminishing  the  volume  of  air  expired;  pregnancy  alone 
has  not  that  consequence. 

If  a  lung  from  an  animal  be  thrown  into  a  vessel  of  water,  it 
floats.  If  it  be  forcibly  submerged  and. then  squeezed,  bubbles  of 
air  will  find  their  way  to  the  water's  surface.  From  this  little 
experiment  the  student  knows  that,  even  though  the  lungs  be  col- 
iapsed,  yet  they  contain  a  certain  amount  of  air  which  is  not  very 
J^dily  expelled.  This  is  the  air  that  is  held  within  the  confines  of 
^e  small  alveoli  and  that  cannot  very  easily  find  its  way  through 
the  small  passageways  opening  into  them.  It  follows,  then,  that  all 
^f  the  air  in  the  lungs  cannot  possibly  be  changed  during  each  res- 
piration, and  the  amount  that  is  changed  bears  a  very  close  rela- 
tionship to  the  type  of  respiration,  whether,  it  be  forced  or  ordinary. 

1.  lidad  Air. — The  volume  of  air  that  is  introduced  into  the 
^Uiigs  during  ordinary  inspiration  by  an  adult  in  good  health  is 
Penned  tidal  air.    It  is  20  to  SO  cubic  inches. 

The  tidal  air  finds  its  way  into  and  out  of  only  the  larger  bron- 
^^^  1,  where  it  comes  in  contact  with  the  nearly  stationary  columns  of 
<^  i  :«r  which  extend  through  the  smaller  bronchial  tubes.  The  oxygen 
^  ^^ds  its  way  into  the  blood  flowing  through  the  capillaries,  while  the 
Tbonic  acid  makes  its  way  into  the  larger  bronchial  tubes  to  be 
ally  expelled  from  the  body. 

2.  Complemental  Air  is  the  quantity  of  air  which  we  are  able 
*-^^=^  inspire  with  the  greatest  effort  over  and  above  that  of  ordinary 
^^  ^eathing.     The  average  is  estimated  by  volume  as  110  cubic  inches. 


3.  Seterved  Air,   or  supplemental  air,  is  the  quantity  of  air 
remaining  in  the  lungs  after  an  ordinary  expiration  that  would  be 

^  expelled  by  the  fullest  effort.     It  is  considered  to  be  about  100  cubic 
^  mches. 

4.  Sesidnal  Air  is  that  which  remains  in  the  lungs  after  the 
dullest  possible  expiration  and  cannot  be  expelled  by  any  voluntary 
effort.  Its  amount  depends  in  great  measure  on  the  absolute  size  of 
the  chest.     Its  volume  is  also  100  cubic  inches. 

5.  The  Vital  Capacity  is  the  tidal,  complemental,  and  reserved 
airs  added  together,  and  is  230  cubic  inches.  It  represents  the 
amount  of  air  which  a  person  is  able  to  expel  from  his  lungs  after 
the  deepest  possible  inspiration.  One-sixth  of  the  air  in  the  lungs 
is  renewed  at  each  ordinary  respiration. 
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ProfeBSOr  Gad,  of  Prague,  has  constructed  an  inatrumont  to 
measure  tlic  volume  of  the  uir  expiri^d  and  inspired.  It  is  called 
an  aeroplctliysmograph.  It  consitits  of  two  boxes,  one  inside  the 
other;  the  space  Ijetween  is  filled  with  water.  The  inside  mica  bos 
receives  the  air  expired.  At  its  posterior  surface  there  is  an  axis 
which  allows  the  anterior  surface  to  elevate  and  depress  itself.  The 
movements  of  the  mica  box  are  recorded  by  a  pen  attached  to  it. 
The  box  itself  is  counterpoised  by  a  weight.  The  instrument  must 
be  graduated,  in  order  that  one  may  determine  the  volume  of 
inspired  and  expired  air. 

NUMBER  OF  RESPIRATIONS. 

In  an  adult,  the  number  of  respirations  per  minute  may  vary 
from  IG  to  24.  It  is  usually  stated  that  4  pulse-beats  occur  during 
each  respiration.     The  number  is  varied  by  the  position  of  the  body: 


Fig.  124. — Gad'B  Aeroplethysmograph.      (KBCsica.) 

thus,  there  may  bo  counted  13  while  recumbent,  19  in  the  sitting 
posture,  and  23  respirations  per  minute  while  standing. 

During  infancy  and  childhood  the  number  of  respirations  is 
always  greater  than  in  the  adult.  Exercise  temporarily  increases 
respiration  both  as  to  number  and  to  depth. 

Every  athlete  knows  of  that  condition  popularly  termed  "second 
wind."  At  the  beginning  of  severe  exercise  there  is  a  marked 
dyspncea  which  passes  away  after  a  short  time,  even  though  the  exer- 
cise be  uninterrupted.  It  is  believed  to  be  in  a  very  great  measure 
cardiac,  due  to  a  want  of  oxygen. 

Pathological. — Respirations  may  be  increased  by  reason  of  fever, 
pleurisy,  pneumonia,  some  heart  diseases,  and  anaemia.  Diminution  is 
occasioned  by  pressure  upon  the  respiratory  center  in  the  medulla; 
this  occurs  in  ccma. 
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1  millimeter  of  mercury,  during  expiration  a  poeitive  pressure  ot 
from  3  to  3  millimeters. 

Forced  reepi rations  produce  great  Tariatione  from  the  above 
figures.  The  greatest  negative  pressure  averaged  —  57  millimetera 
of  mercury  during  inspiration;  the  maximiun  positive  pressure  dur- 
ing expiration  averaged  +  87  millimeters. 

The  greater  part  of  the  force  exerted  in  deep  inspiration  is  used 
in  overcoming  the  resistance  offered  by  the  elasticity  of  the  lungs, 
the  raising  of  the  weight  of  the  chest,  and  depressing  the  abdominal 
contents.  These  resisting  forces  acting  during  expiration  aid  the 
expiratory  muscles;  from  this  it  follows  that  the  forces  concerned 
in  forced  expiration  are  much  greater  than  those  of  inspiration. 

Expiration  is  longer  and  stronger  than  inspiration,  but  the 
sound  of  inspiration  is  longer  than  that  of  expiration. 


Fig.  126. — Carotid  Pressure  in  Dog.    Accelerstion  of  Heart  at  the 
Homcnt  of  Inspiration  is  Well  Marked.     (Lahslois.) 

EFFECT  OF  RESPIRATION  ON  THE  CIRCULATION. 

When  a  kymograpfaic  tracing  in  an  animal  is  taken  there  are 
seen  rises  and  falls  in  it,  due  to  the  acts  of  respiration.  Shortly 
after  the  commencement  of  an  inspiration  the  arterial  tension 
reaches  its  maximum,  and  immediately  after  an  expiration  it  begins 
to  fall,  reaching  its  lowest  level  after  the  beginning  of  the  subse- 
quent inspiration. 

The  pulse  is  more  rapid  during  an  inspiration  than  during  an 
expiration.  I  shall  now  inquire  into  the  causes  of  these  two  changes: 
(1)  those  of  blood-pressure,  and  (2)  the  increased  frequency  of  the 
pulse. 

The  walls  of  the  air-cells  have  an  elastic  force  which  is  greater, 
the  greater  the  distension. 

This  elastic  force  causes  collapse  of  the  lung  and  exerts  a 
suction-like  action  on  the  contents  of  the  chest.  This  negative 
pressure  becomes  greater  and   greater  as  the  lungs  are  distended. 
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This  negatiye  pressure  is  called  the  intra-thoracic  or  intrarpleoral^ 
iK)t  intra-pulmonic,  pressure^  and  is  always  less  than  the  air-pres- 
sue.  Intra-thoracic  pressure  is  the  pressure  in  the  pleural  cavity 
and  mediastinum.  The  pressure  necessary  to  counterbalance  the 
elasticity  of  the  lungs  when  they  are  quiescent  in  the  pause  of  res- 
piration is,  in  man,  7  millimeters  of  mercury,  and  when  the  lungs 
are  fully  distended  it  rises  to  30  millimeters  of  mercury. 

The  pressure  in  the  pleural  cavity  is  less  than  an  atmosphere; 

it  k  a  negative  pressure,  and  is  due  to  the  fact  that  the  lungs  are 

snialler  than  the  thoracic  cavity  in  which  they  lie. 


Fig.  127. — ^Apparatus  to  Illustrate  Relations  of  Intra-thoraeic  and 
'External  Pressures.  (After  Beaunis.)  (From  Mills's  ''Animal  Physi- 
ology," copyright,  1889,  by  D.  Appleton  and  Company.) 

A  slaM  bell-jar  is  prorided  with  a  light  stopper,  through  which  passes  a 
branching  glass  tube  fitted  with  a  pair  of  elastic  bags  representing  lungs.  The 
bottom  of  the  jar  is  closed  by  rubber  membrane  representing  diaphragm.  A 
mercury  manometer  indicates  the  difference  in  pressure  within  and  without  the 
bell- jar.  In  the  left-hand  figure  it  will  be  seen  that  these  pressures  are  equal; 
m  right  (Inspiration),  the  external  pressure  is  considerably  greater.  At  one 
part  (6)  an  elastic  membrane  fills  a  hole  in  Jar,  representing  an  intercostal 
space. 

It  follows,  then,  that  with  a  full  inspiration  the  pressure  exerted 
upon  the  cardiac  organs  in  the  chest  is  30  millimeters  less  than  that 
of  the  air-pressure  of  760  millimeters  of  mercury. 

When  the  waves  of  blood-pressure  are  compared  with  the  curves 
of  the  movements  of  respiration  or  with  the  variations  of  intra- 
thoracic pressure,  it  is  found  that,  while  arterial  tension  rises  dur- 
ing inspiration  and  falls  during  expiration,  neither  the  rise  nor  the 
fall  is  exactly  synchronous  with  either  inspiration  or  expiration. 

In  inspiration,  the  flow  of  blood  from  the  veins  outside  the  chest 
is  pressed  towards  the  inside  of  the  chest,  because  the  air-pressure 
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oatside  the  chest  ezceedfl  the  air-pressuie  within  the  chesL  Hence  a 
larger  amount  of  blood  enters  the  right  auricle  during  inspiration. 
This  being  ejected  by  the  right  yentriclCi  the  pulmonary  capillaries, 
having  less  pressure  externally,  let  the  blood  pass  in  Iar;^r  quan- 


Fig.  128. 

tity  and  the  left  ventricle  forces  out  more  blood  into  the  aorta  and  the 
arterial  blood-pressure  rises.  During  expiration,  the  pressure  on  the 
heart  and  blood-vessels  inside  the  chest  returns  to  normal ;  hence  the 
atmospheric  pressure  outside  the  chest  does  not  drive  the  blood  from 
the  veins  into  the  chest,  as  in  inspiration,  hence  less  blood  goes  into 
the  right  side  of  the  heart,  and,  as  the  pulmonary  vessels  are  also 


Fig.   120. — Compariaon    of   Blood-PresBure  Curve   with   Curve  of   Inti»- 

thoracio  Preasnre.     (M.  FosTSB.) 

(To  be  read  from  left  to  right)  a  is  the  curye  of  blood-pressaro  with  ila  respin- 
torj  undulatioDt,  the  slower  bests  on  the  descent  being  yery  marked ;  b  is  the  carre  of 
the  intra-thorado  pressure  obtained  by  oonnectlng  one  limb  of  a  manometer  with  the 
pleural  cavitj.  Inspiration  begins  at  i  and  expiration  at  e.  The  intr»>thoraeIc  pressure 
rises  Tery  rapidly  after  the  cessation-  of  the  inspiratory  effort,  and  then  slowly  falls  as 
the  air  issues  trom  the  chest ;  at  the  beginning  of  the  inspiratory  effort  the  fall  becomes 
more  rapid. 

pressed  upon,  a  less  quantity  of  blood  goes  to  the  left  ventricle  and 
out  into  the  aorta ;  hence  a  fall  of  blood-pressure. 

The  pulmonary  capillaries  in  the  lungs  contain  more  blood  in 
inspiration  because  the  inspiratory  act  tends  to  dilate  thenu     The 
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effect  of  the  distension  is  to  increase  the  flow  of  blood  in  the  lungs, 
because  the  widened  arterioles  decrease  the  resistance  to  the  flow.  In 
expiration,  the  pulmonary  capillaries  are  lessened  in  diameter,  and 
the  narrowing  of  the  capillaries  increases  the  resistance  to  the  flow  of 
blood.  Hence  it  is  the  quantity  of  blood  in  the  left  ventricle  which, 
(luring  inspiration  and  expiration,  elevates  and  depresses  the  blood- 
pressure. 

Wherefore,  on  making  a  tracing  of  both  the  respiratory  move- 
ments and  the  blood-pressure,  it  is  discovered  that  the  blood-pressure 
falls  slightly  at  the  beginning  of  inspiration,  but  rises  during  the 
rest  of  the  movement.    At  the  beginning  of  expiration  the  pressure 
continues  to  rise  for  a  short  time,  and  then  falls  during  the  rest 
of  the  act. 

The  arteries  and  veins  are  differently  affected  by  the  respira- 
tory  movements.    According  to  Foster,  the  arch  of  the  aorta  has  an 


Fig.  130. 


inclination  to  expand,  from  the  decrease  of  intra-pleural  pressure  in 
^"^  thorax  during  inspiration,  which  temporarily  retards  the  flow  of 
"*ock3  and  diminishes  aortic  pressure. 

The  aorta  during  expiration  tends  to  contract,  because  expira- 
»^ioxi   increases  the  thoracic  pressure  outside  the  aortic  arch,  which 
^^^ixporarily  increases  the  blood-pressure  in  the  aorta.     Hence  in  in- 
spiration   the    arterial    pressure    temporarily    diminishes.      During 
^^piration  the  arterial  pressure  temporarily  increases. 

The  blood-vessels  of  the  lungs  enlarge  during  inspiration  and 
^hus  become  more  distended  with  blood,  and  thus  retain  for  a  while 
^  certain  quantity  of  blood  in  the  lungs  and  thus  diminish  the 
fimount  falling  into  the  left  auricle.  But  this  is  only  temporary, 
because  the  widening  of  the  vessels  would  permit  an  increased  flow 
of  blood  in  the  pulmonary  vessels,  due  to  diminished  resistance  of 
the  dilated  passages,  and  a  contrary  result  would  ensue. 

Vice  versa,  the  first  effect  of  expiration  would  increase  the  flow 
in  the  left  auricle,  due  to  the  additional  quantity  of  blood  driven  on 
by  the  partial  shrinking  of  the  vessels  of  the  lungs,  followed  by  a 
more  decided  diminished  flow  caused  by  great  resistance  of  the  con- 
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tracted  pulmonary  vessels.  Hence  inspiration  first  diminishes  the 
flow  of  blood  into  the  left  auricle  and  necessarily  in  the  left  ven- 
tricle, but  afterwards  for  the  rest  of  inspiration,  until  the  beginning 
of  expiration,  it  increases  the  flow  into  the  ventricle. 

Vice  versa,  expiration  temporarily,  at  first,  increases  and  after- 
wards diminishes  the  flow  of  blood  into  the  left  ventricle. 

The  influence  of  thoracic  negative  pressure  during  inspiration 
and  the  return  in  a  positive  direction  during  expiration  will  have 
more  effect  on  the  pulmonary  veins  with  their  thin  walls  than  on  the 
thicker-walled  pulmonary  artery — ^that  is,  during  inspiration  there 
will  be  a  diminution  of  pressure  in  the  pulmonary  veins  greater  than 
that  in  the  pulmonary  artery,  and  this  will  be  an  added  influence  in 
favoring  the  flow  into  the  left  ventricle.  In  expiration,  a  sunilar  dif- 
ference will  be  observed  in  the  contrary  direction.     The  left  ventricle, 
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from  the  increased  flow  of  blood,  will  throw  a  larger  amount  of 
blood  and  the  arterial  pressure  will  rise. 

The  respiratory  movement  on  the  vessels  of  the  lungs  at  the 
beginning  of  inspiration  will  continue  the  lowering  of  the  blood- 
pressure  which  was  taking  place  during  expiration,  but  afterwards 
will  raise  it.  Vice  versa,  at  the  beginning  of  expiration  it  continues 
the  rise  of  arterial  pressure  which  was  going  on  during  inspiration, 
but  afterwards  lowers  the  tension  in  the  arteries.  Tigerstedt  do^  not 
believe  with  De  Jager,  that  changes  in  the  capacity  of  the  pulmonary 
vessels  are  the  cause  of  the  temporary  fall  of  pressure  at  the  beginning 
of  inspiration  and  the  temporary  rise  at  the  beginning  of  expiration. 
He  found  that  cutting  off  half  of  the  pulmonary  circulation  in  an 
animal  breathing  naturally  caused  no  fall  in  the  systemic  circulation. 
He  believes  that  the  variations  in  filling  of  the  right  heart  with  blood 
are  the  most  powerful  agents  in  producing  temporary  fall  of  pressure 
at  the  beginning  of  inspiration  and  a  temporary  rise  at  the  beginning 
of  expiration.  The  variations  of  blood-supply  to  the  right  auricle  are 
due  to  the  effect  of  respiratory  movements  on  the  veins  outside  the 
chest. 
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In  studying  the  action  of  the  respiratory  movements  on  blood- 
presRiT'*^  we  must  remember  tliat  in  the  descent  of  the  diaphragm 
in  inspiration  it  presses  upon  the  viscera  of  the  abdomen  and  forces 
at  firet  a  quantity  of  blood  along  the  vena  cava  inferior^  biit  sub- 
aquently  retards  the  ascent  of  the  blood  from  the  abdomen  and  the 
inferior  extremities.  In  normal  expiration,  the  diaphragm  ascends 
tnd  the  viscera,  not  being  so  forcibly  pressed  upon,  deliver  less  blood 
by  the  inferior  vena  cava  to  the  heart. 

Daring  inspiration,  the  heart's  frequency  is  greater  than  during 

expiration  and  the  pulse-curve  is  somewhat  different.     If  the  vagi 

ire  divided,  there  is  no  difference  in  the  pulse-rate  during  inspiration 

and  expiration.     Now,   Ilering   has   shown   that   distension    of   the 

lungi  irritates  the  afferent  nerN^es  of  the  vagus  center  whose  impulses 

inhibit  the  cardio-inhibitory  centers  and  allow  the  heart  to  run  faster. 

Another  cause  of  the  increased  rapidity  of  the  heart  in  inspiration 

is  the  spreading  of  impulses  from  the  respiratory  center  to  the  vagus 

center,  inhibiting  its  activity,  and  at  the  same  time  these  radiations 

of  impulses  from  the  respiratory  center  are  inhibiting  the  vasomotor 

center.     The  respiratory  center,  the  vagus  center,  and  the  vasomotor 

center  are  connected  by  association  fibers,  and  impulses  can  spread 

from  the  respiratory  center  over  to  the  others. 

Artificial  Bespiration. — When  in  artificial  respiration  air  is 
driven  into  the  lungs  through  a  tracheal  cannula  with  suflScient  pres- 
sure, then  the  pulmonary  circulation  is  arrested.  Hence  there  is  an 
opposite  effect  produced  between  artificial  respiration  and  natural 
respiration  as  regards  their  influence  upon  the  course  of  the  blood. 

The  aspirating  action  of  the  thorax  may  suck  air  into  a  vein  in 
surgical  operations,  which,  on  being  transported  to  the  right  side  of 
the  heart,  may  block  the  pulmonary  capillaries  and  cause  a  sudden 
death. 

THE  FUNCTION  OF  THE  UNSTRIPED  MUSCLE  OF  THE 

BRONCHIAL  SYSTEM. 

If  a  dog  is  curarized,  the  interior  of  a  small  bronchus  is  con- 
nected with  a  recording  instrument  (the  chest  having  been  opened), 
and  if  a  vagus  is  divided,  there  will  be  a  marked  expansion  of  the 
bronchi.  If  the  peripheral  end  of  the  vagus  be  stimulated,  then  a 
strong  contraction  of  the  bronchi  will  ensue.  It  is  evident  here  that 
the  smooth  muscles  of  the  bronchi  are  under  the  influence  of  the 
pneumogastrics.  Broncho-dilator  as  well  as  broncho-constrictor  fibers 
exist  in  the  vagi  going  to  the  circular  muscles  of  the  bronchi.     These 
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effects  could  also  be  called  out  in  a  reflex  maimer.  This  explains 
asthmas  due  to  reflex  irritations  transmitted  to  the  centers  of  the  vagi. 
Atropine  and  lobeline  paralyze  the  vagus  ending  in  the  bronchial 
muscles.     This  explains  their  utility  in  spasmodic  asthma. 

VARIOUS  FEATURES  OF  RESPIRATION. 

Nasal  Breathing. — During  ordinary,  quiet  breathing  most  peo- 
ple breathe  through  the  nostrils,  keeping  the  mouth  closed.  This 
is  very  proper  and  there  are  certain  advantages  to  be  derived  by  so 
doing.  Thus,  in  the  passage  of  the  air  through  the  nostrils,  whose 
walls  are  narrow  and  somewhat  tortuous,  the  air  is  not  only  warmed, 
but  rendered  moist  as  well.  By  this  means  there  is  prevented  the 
irritation  occasioned  by  cold,  dry  air  upon  the  lining  mucous  mem- 
brane. In  addition,  the  smaller  foreign  particles  are  caught  by  the 
mucous  lining  and  carried  outward  by  the  instrumentality  of  the 
ciliated  epithelium.  ;.. 

Pathological. — Pulmonary  oedema,  which  is  a  transudation,:  of 
lymph  into  the  pulmonary  alveoli,  occurs  (1)  when  there  is  very  giat 
resistance  to  the  blood-stream  in  the  aorta  and  its  branches;  .y*) 
when  the  pulmonary  veins  are  occluded;  (3)  when  the  left  ventufele, 
owing  to  mechanical  injury,  ceases  to  beat,  while  the  right  ventiicle 
continues  in  its  contraction. 

Injection  of  muscarine  rapidly  produces  pulmonary  oedema  by 
reason  of  increased  pressure  and  slowing  of  the  blood-stream  in  the 
pulmonary  capillaries.  The  effects  of  this  drug  are  counteracted  by 
atropine. 

Eelation  of  Eespiration  to  the  Nervous  System. — Movements  of 
respiration  are  entirely  dependent  upon  the  nervous  system.    They 
are  nicely  balanced  actions,  performed  by  voluntary  muscles  under 
the  guidance  of  a  special  presiding  nerve-center,  namely :  the  respira- 
tory  center.     Through  its  influence  the  muscles  of  inspiration  and 
expiration  are  kept  working  rhythmically  and  regularly,  whether  the 
individual   be   awake  or  sleeping.     Co-ordinated   impulses   are  con- 
stantly proceeding  from  the  center  to  the  muscles  involved.     How- 
ever, the  muscles  being  voluntary,  they  may  be  controlled  momen- 
tarily by  the  will,  and  respiration  be  made  to  cease  entirely  for  a 
minute  or  two.     Soon  the  excess  of  carbon  dioxide  becomes  so  great 
that  the  will  is  overcome  and  respiration  is  begun  again  under  the 
supervision  of  the  respiratory  center. 

The  Eespiratory  Center. — ^This  center  is  located  in  the  medulla 
oblongata,  in  the  formatio  reticularis,  behind  the  superficial  origin 
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of  the  vagi  and  on  both  sides  of  the  posterior  aspect  of  the  apex  of 
the  calamus  scriptorius.  Gad,  by  heated  glass  beads,  destroyed  parts 
of  the  medulla.     He  locates  the  respiration  center  in  the  lateral  part 
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Fig.  131  a. — The  Respiratory  Center  and  Its  Connections.      (Hittchison.) 

of  the  formatio  reticularis.  Flourens,  its  discoverer,  found  that,  when 
destroyed,  respiration  ceases  at  once  and  the  animal  dies.  Hence 
he  termed  it  "the  vital  knot."     It  is  a  bilateral  center;    that  is,  it 
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an  excitation  of  one  set  of  fibers  and  the  diminution  of  a  permanent 
excitation  in  another  set. 

Synchronous  with  the  respiratory  movements  they  noticed  a 
variation  of  the  current  of  demarcation  of  the  vagus.  The  different 
facts  lead  to  the  original  view  of  Hering-Breuer^  that  certain  stimuli 
of  inspiration  induce  expiration  with  inhibition  of  inspiration^  whilst 
others  in  the  collapse  of  the  lungs  inhibit  expiration  and  induce 
inspiration. 

ApnoUL — ^When  a  dog  has  frequent  insufflations  of  air  through 
a  tracheal  cannula  by  means  of  a  bellows,  there  ensues  an  arrest  of 
respiratory  movements  for  a  short  time.  Rosenthal  believed  this  to 
be  due  to  an  excess  of  oxygen  in  the  blood  and  that  the  respiration 
centers  were  not  excited  because  of  this  excess  in  the  tissues.  Fred- 
ericque  lately,  by  cross-circulation  in  the  head  of  one  dog  with  blood 
from  another  dog^  has  been  able  to  produce  apnoea  which  remains  a 
long  time  if  the  other  dog  continues  to  receive  exaggerated  pulmonary 
insufflations.  This  apncea  is  not  due  to  an  augmentation  of  the 
oxygen,  but  to  a  deficiency  of  tension  of  carbonic  acid.  The  arrest  that 
ensues  in  a  dog  by  a  frequent  insufflation  of  hydrogen  instead  of  oxygen 
is,  according  to  Fredericque,  due  to  irritation  of  the  vagus  fibers,  which 
calls  out  an  expiration-arrest  and  which  is  a  simulated  apnoea. 

Thus,  apnoea  is  produced  by  two  factors,  lessened  tension  of  CO, 
and  irritation  of  the  terminals  of  the  vagi.  Mosso  calls  the  diminished 
tension  of  COj  in  the  blood  by  the  name  of  acapnia.  The  frequent 
ventilations  of  the  lungs  removes  the  CO2  from  the  blood,  and  thus 
lowers  the  stimulation  of  the  center  of  respiration.  These  rapid 
insufflations,  also  stimulating  the  ends  of  the  vagi  in  the  lungs,  call 
out  an  inhibition  of  the  respiration  center..  After  section  of  the  vagi 
it  is  difficult  to  produce  apnoea. 

Aaphyxia, — In  considering  the  phenomena  of  asphyxia,  it  is  nec- 
essary to  distinguish  between  rapid  asphyxia,  produced  by  complete 
obstruction  to  the  entrance  of  air,  and  slow  asphyxia,  which  is  grad- 
ually established.  The  phenomena  of  asphyxia  are  divisible  into 
three  stages,  which  are  easily  observed  in  animals,  especially  in  the 
dog. 

In  the  first  stage,  called  the  stage  of  exaggerated  breathing,  hyper- 
pnoea,  the  respiration  is  more  rapid  and  deeper,  due  to  the  CO, ;  then 
the  phenomena  of  dyspnoea  appear,  the  extraordinary  muscles  of 
inspiration  and  expiration  are  called  into  play,  the  abdominal  muscles 
contract  forcibly,  the  pupils  are  small.  This  stage  lasts  about  a 
minute. 
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Second  stage,  convulsive  stage.  Here  the  inspiratory  muscles  low 
their  force,  whilst  the  expiratory  movements  become  more  active;  next 
all  the  muscles  of  the  body,  including  the  expiratory  ones,  become  con- 
vulsed, due  to  the  carbon  dioxide  stimulating  the  central  nemus 
system.    This  stage  lasts  about  a  minute. 

Third  stage,  or  stage  of  exhaustion.    This  usually  comes  on 
suddenly,  the  carbon  dioxide  paralyzing  the  center  of  respiration;  the 
pupils  dilate,  the  eyelids  do  not  close  when  the  cornea  is  touched;  a 
state  of  general  calm  ensues,  which  is  in  marked  contrast  with  the 
previous  agitation ;  consciousness  is  abolished ;  the  animal  lies  motion- 
less and  seems  dead ;  occasional  inspiratory  acts  take  place,  then  they 
become  feebler  and  of  a  gasping  character ;  finally,  the  nostrils  dilate, 
the  limbs  of  the  animal  are  extended,  opisthotonos  ensues,  the  pulse 
disappears  and  death  closes  the  scene.    This  state  lasts  about  three 
minutes.     This  pulseless  condition  is  properly  denominated  asphyxia. 
The  phenomena  of  slow  asphyxiation  follows  the  same  course,  but  less 
rapidly. 

Circulatory  Effect  of  Asphyxia. — ^The  blood-pressure  ascends 
during  the  first  and  second  stages  to  about  160  millimeters  of  mercury 
and  falls  during  the  third  stage  to  20  millimeters  and  to  zero.  Thl^ 
rise  of  pressure  is  due  to  increase  of  carbon  dioxide  stimulating  th^ 
vasoconstrictor  centers,  which  causes  the  arterioles  to  contract,  espe^ 
cially  those  in  the  splanchnic  area.  The  immediate  result  is  a  filling  of 
the  venous  system,  which  is  assisted  by  the  contraction  of  the  inspira- 
tory muscles  of  the  tnmk.  The  great  veins  are  so  distended  that  they 
spurt  like  arteries  when  cut.  The  blood-pressure  falls  mainly  because 
the  heart-muscles  lose  their  irritability  due  to  carbon  dioxide  and  the 
slowing  of  the  heart  caused  by  the  carbonic  acid  stimulating  the  cardio- 
inhibitory  center.  After  death  the  right  side  of  the  heart  is  filled  with 
blood  and  the  left  side  is  empty,  or  comparatively  so.  The  heart  is 
enlarged  to  nearly  double  its  former  size.  The  engorged  veins  fill  the 
right  side  of  the  heart  with  blood,  which  dilates  the  heart  because  the 
internal  pressure  and  the  weakened  tonus  of  the  muscle  by  the  carbon 
dioxide  co-operate.  The  enfeebled  right  side  of  the  heart  is  unable  to 
expel  its  blood.  At  the  same  time  the  left  side  of  the  heart,  having 
been  also  dilated  by  high  arterial  pressure,  loses  its  power  by  the 
carbonic  acid  to  contract,  and  the  blood  pools  in  the  pulmonary  vessels 
and  the  right  side  of  the  heart  is  filled  with  blood. 

At  first  the  rate  of  the  heart  is  accelerated,  but  it  soon  becomes 
slower  and  more  vigorous;  the  vagus  center  becoming  excited  by  the 
carbon  dioxide  makes  the  beat  of  the  heart  slower. 
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During  the  third  stage  the  pulsations  of  the  heart  become  feebler 
nd  stop.  After  the  respiratory  movements  have  ceased  the  heart  con- 
tinues its  action  for  a  few  seconds. 

In  slow  asphyxia^  as  in  death  by  membranous  croup,  there  is  a 
feeling  of  painful  constriction  around  the  larynx  and  sternum,  yawns, 
gapings,  and  vain  efforts  to  breathe,  with  dimness  of  sight,  buzzing  in 
ears,  and  vertigo,  soon  followed  by  loss  of  consciousness.     The  face 
and  lips  are  tumefied  and  livid;  the  eyes  watery  and  projecting;  the 
coojimctiva  injected;    the  jugular  veins  distended  with  blood;    the 
nose,  ears,  hands,  and  feet  have  a  violet  color;   the  whole  skin  pre- 
aents  spots  like  bruises;   the  heart  movements  are  uneven  and  inter- 
mittent, and  grow  weaker  and  weaker;   finally  the  respiratory  move- 
ments bec<ftne  less  and  less  frequent,  soon  cease  altogether,  and  almost 
«t  once  the  heart  stops  and  the  body  is  motionless  in  death. 

As  regards  mammals,  the  age  particularly  aflFects  the  rapidity  of 
^^^th  from  suffocation.  In  fact,  the  newborn  of  this  class  of  animals 
r^^ist  the  suppression  of  respiration  very  much  longer  than  adults. 
This  accords  with  the  instances  of  newborn  infants  which,  having 
t^^en  found  in  pools  of  water,  or  even  in  water-closets,  have  been  pre- 
^^ired  alive,  although  the  time  passed  since  their  immersion  permitted 
*^Vit  little  hope  of  saving  them.  An  adult  cannot  be  submerged  more 
^Han  four  minutes,  and  live. 

Artipicial  Respiration  in  Asphyxia. — In  cases  of  suspended 
Animation  artificial  respiration  must  be  performed.  Care  should  be 
taken  first  to  remove  any  foreign  bodies  or  froth  from  the  mouth  and 
^ose.  Draw  forward  the  patient's  tongue  and  keep  it  projecting 
beyond  the  teeth.  Remove  all  tight  clothing  from  al)out  the  neck  and 
chest.  For  relieving  asphyxia  by  dilating  and  compressing  the  chest 
80  as  to  cause  an  exchange  of  gases  there  are  several  methods.  Chief 
among  these  are  Sylvester's,  Marshall  Hall's  and  Schaefcr's. 

In  the  Sylvester  method  the  tongue  is  pulled  forward  to  prevent 
any  hindrance  to  the  entrance  of  the  air  into  the  windpipe.  Expan- 
sion of  the  chest  is  produced  by  drawing  the  arms  from  the  sides  of 
the  body  and  then  upward  until  they  almost  meet  over  the  head. 
Bringing  the  arms  down  to  the  sides  again,  causing  the  elbows 
almost  to  meet  over  the  pit  of  the  stomach,  produces  contraction  of 
the  chest.  The  rate  of  elevation  and  depression  of  the  arms  should 
be  about  sixteen  times  per  minute. 

In  the  Marshall  Hall  method  the  person  is  placed  flat  upon  his 
face,  gentle  intermittent  pressure  being  made  upon  the  back  with  one's 
hands.    The  bodv  is  then  turned  on  the  side  and  a  little  bevond,  then 
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D'Jelitzen  proceeded  as  follows :  At  the  same  time  that  the  arms 
are  carried  upward  in  the  direction  of  the  long  axis  of  the  body, 
the  grip  is  transferred  from  the  forearms  to  the  elbows,  so  that  the 
elbows  strike  against  each  other  above  the  nape  of  the  neck,  or  above 
the  throat.  In  producing  an  expiration,  the  elbows  are  brought 
against  the  chest  by  the  side  of  the  sternum,  and  pressure  made  from 
before  backwards. 

In  the  Laborde  method  rhythmical  traction  of  the  tongue  is 
made.    This  acts  in  a  reflex  way  on  the  center  of  respiration. . 

In  artificial  respiration  a  bellows  may  be  employed  in  a  gentle 
manner  so  as  not  to  rupture  the  lung. 

Modifled  Sespiratory  Movements. — Since  to  breathe  is  to  live, 
the  modes  of  breathing  indicate  the  modes  of  life.  We  see  unfolded 
in  a  series  of  modifications  of  the  respiratory  act  many  of  the  sensa- 
tions and  emotions  w^hich  man  experiences  in  the  course  of  his  exist- 
ence. His  birth  is  announced  by  a  cry,  which  seems  the  expression  of 
a  first  pain ;  his  death  is  revealed  by  a  sigh,  in  which  his  last  suffer- 
ing is  breathed  out.  In  the  number  of  his  days  there  are  very  few 
devoted  to  laughter.  There  are  more  for  sobs.  Yawning  often  ex- 
presses his  weariness;  straining,  the  severity  of  his  labor;  sneezing, 
coughing,  and  expectoration  are  so  many  means  that  Nature  employs 
to  struggle  against  uncomfortable  or  painful  sensations.  All  of 
these  result  from  modifications  of  respiration.  Hiccough  is  only 
manifested  with  their  aid.  Voice  or  speech,  the  supreme  attribute  of 
man,  is  only  a  particular  mode  of  respiration. 

Sighing. — ^A  large  inspiration,  slowly  executed  and  followed  by  a 
rapid  and  sonorous  expiration,  constitutes  the  sigh.  In  normal  condi- 
tions of  respiration,  in  about  every  five  or  six  inspirations  there  is  one 
which  is  longer  than  the  others;  it  is  really  a  slight  sigh.  It  is  sup- 
posed that  this  longer  inspiration  supervenes  whenever  oxidation  of 
blood  needs  to  be  accelerated.  It  takes  place  without  participation  of 
the  will;  in  fact,  it  is  one  of  those  movements  called  reflex.  The 
nervous  center  reacts  spontaneously  by  reason  of  a  painful  impression 
received  because  of  the  accumulation  of  the  venous  blood  in  the  right 
cavities  of  the  heart.  The  unpleasant  effect  of  sad  emotions  upon 
oxidation  of  the  blood  explains  why  sighs  are  given  at  such  times. 
Their  contagious  nature  is  due  entirely  to  sympathy. 

The  Yawn  differs  from  the  sigh  more  by  its  mechanism  than 
by  its  causes  or  effects.  The  needs  of  oxidation  of  blood  call  it  forth 
in  the  same  manner  as  the  sigh  is  elicited.  But,  whereas  the  sigh  may 
be  voluntary,  the  yawn  is  always  involuntary.    It  is  not  easy  of  imita- 
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tion,  since  it  is  purely  reflex ;  a  person  usually  will  not  yawn  if  the 
need  of  doing  it  does  not  exist.  Besides  its  relation  to  oxidation,  it 
also  expresses  painful  sensations  in  the  stomach,  hunger,  or  a  feeling 
of  torpor  at  the  approach  of  sleep. 

The  Hiccough  cannot  be  compared  with  the  acts  connected  with 
respiration,  except  by  the  noise  accompanying  it.  It  is  a  spasmodic 
contraction,  abrupt  and  involuntary,  of  the  diaphragm  with  coincident 
contraction  of  the  glottis.  The  air,  drawn  rapidly  into  the  chest  by 
the  convulsive  contraction  of  the  diaphragm,  breaks  upon  the  out- 
stretched lips  of  the  glottis,  where  is  produced  the  sound  characteris- 
tic of  hiccough.  The  ordinary  causes  for  this  phenomena  are  en- 
gendered in  the  stomach  by  the  too  rapid  introduction  of  alimentary 
substances,  by  alcoholic  drinks  and  by  nervous  disturbances. 

Coughinq  usually  arises  from  an  irritation  in  the  laryngeal  pas- 
sage; the  irritating  effect  of  the  sensory  filaments  of  the  larynx 
reaches  a  certain  intensity ;  there  is  then  a  deep  inspiration,  which  is 
followed  by  a  sudden  and  strong  expiration. 

Coughing  can  be  produced  voluntarily,  but  it  is  more  often 
caused  by  reflex  action,  which  it  is  generally  impossible  to  resist.  A 
cold  draught  on  the  skin  or  a  tickling  of  the  external  auditory  meatus 
will  provoke  a  cough  in  some  people. 

Laughing  and  Sobbing  have  this  feature  in  common :  they  have 
their  seat  in  the  chest  and  face  at  the  same  time.  They  act  especially 
upon  the  same  muscle:  the  diaphragm.  In  the  face  they  differ  in 
this,  that  one  has  its  own  particular  seat  in  the  region  of  the  eye,  the 
other  around  the  mouth.  The  same  muscles,  the  same  nerves,  pro- 
duce sobs  and  laughter.  Their  movements  of  inspiration  and  expira- 
tion are,  however,  accompanied  by  their  own  characteristic  sounds. 

Snoring  is  due  to  vibration  of  the  soft  palate. 

Chbyne-Stokes  Bespiration. — ^This  is  a  peculiar  modification 
of  the  respiratory  movements  which  is  seen  in  certain  pathological 
conditions,  as  in  fatty  heart,  atheroma  of  the  aorta,  certain  apoplex- 
ies, and  in  uraemia.  It  has  even  been  noted  in  healthy  children  dur- 
ing sleep.  It  consists  of  respiratory  pauses  alternating  with  a  series 
of  respirations  till  a  maximum  depth  and  rapidity  is  reached;  after 
this  climax  they  gradually  diminish  till  they  end  in  another  pause. 
Certain  drugs— chloral  is  one — ^may  cause  Cheyne-Stokes  respiration. 

Cheyne- Stokes  respiration  rhythm  is  to  the  respiratory  center 
what  the  Traube-Hering  rhythm  is  to  the  vasomotor  center.  Both 
arise  in  their  respective  centers  in  the  medulla  oblongata. 
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The  pause  in  Cheyne-Stokes  respiration  is  somewhat  lees  than 
half  of  the  duration  of  the  active  period.  During  the  pause  the 
pupils  are  contracted  and  inactive;  when  respiration  begins  again 
they  become  dilated  and  saisitive  to  light.  The  eyeball  is  usually 
moved  at  the  same  time.  Eyster  has  pointed  out  that  with  the  Cheyne- 
Stokee  respiration  there  are  also  rhythmic  changes  iu  arterial  tension. 
(Traube-Hcring  waves.)  He  makes  two  groups  of  Cheyne-Stokes 
respirations.  In  one  group  the  dyspncea  coincides  with  a  lowering  of 
arterial  tension  and  a  slow  pulse-rate.  In  the  other  group  the  arterial 
tension  and  pulse  both  increase  in  the  dyspnoea  and  fall  in  the  apncea. 
He  found  that  intracranial  increase  of  blood-pressure  produces  Cheyne- 
Stokea  respiration.  Douglas  and  Haldane  have  shown  that  Cheyne- 
Stokes  respiration  is  produced  by  the  periodic  occurrence  and  dis- 
appearance of  the  (indirect)  effects  of  want  of  oxygen  on  the  reepira- 


Elg.  137. — Chefne-Stokee  Respiration.    (Walleb.) 

tory  center.  The  want  of  oxygen  may  be  due  to  abnormal  deficiency 
in  the  alveolar  oxygen  pressure,  or  it  may  be  due  to  effects  on  the 
circulation  of  changes  in  the  breathing,  or  to  both  causes  combined. 

CHEMISTRY  OF  RESPIRATION. 

Looked  at  from  a  chemical  point  of  view,  respiration  presents 
the  fallowing  phenomena :  (1)  absorption  of  oxygen ;  (2)  exhalation 
of  carbon  dioxide;  (3)  release  of  a  certain  quantity  of  nitrogen;  (4) 
exhalation  of  vapor  of  water. 

It  has  been  previously  stated  that  at  each  normal  respiration  of 
atmospheric  air  but  one-sixth  of  the  air  within  the  lungs  is  changed. 
Haldane  states  that  it  is  evident  that  at  the  end  of  each  expiration  the 
air-passages  up  to  the  external  openings  of  the  nose  and  mouth  are 
filled  with  alveolar  air.  At  the  next  inspiration  this  alveolar  air  has  to 
be  drawn  back  into  the  alveoli  before  fresh  air  begins  to  enter  the  latter ; 
brace  the  part  of  each  inspiration  corresponding  to  this  "dead  space" 
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murt  be  ineffective  except  in 
BO  far  as  there  may  be  a 
limited  gaseous  exchange  be- 
tween  the  air  of  the  air-pas- 
sagea  and  the  blood-enpply 
to  the  jnucoua  membrane  of 
the  air-paeaages.  Thus,  if 
the  alveolar  air  contaliiB  6 
per  cent,  of  CO,,  and  the 
expired  air  4  per  cent,  with 
a  total  volume  of  600  cubic 
centimeters,  the  expired  air 
may  be  regarded  as  made  up 

4 
of    600  X— =  400    cubic 

centimeters  alveolar  air  and 
200  cubic  centimeters  pure 
air.  The  effective  dead 
space  will  be  200  cubic  centi- 
meters. 

The  capacity  of  the 
bronchi  and  upper  air-pas- 
'sages  will  then  be,  according 
to  Haldane,  200  cubic  waiti- 
metera.  Haldane  believes 
that  the  air  in  the  alveoli 
does  not  get  there  by  the 
process  of  diffusion,  but  that 
the  inspired  air  is  drawn 
into  the  alveoli,  which  is  a 
mixture  of  the  air  of  the 
bronchi  and  which  is  derived 
from  the  upper  air-passages, 
having,  in  proportion  to  the 
other  parts  of  the  air-pas- 
sages, more  atmospheric  air. 
In  expiration,  the  alveolar 
-Ludwig-g  Mercurial  Air  Pump  to  ^^  partly  leaves,  having 
...  «■„.  (Lahoubbe.)  considerable  C0„  which  air 

a.  BecepUcIO  for  the  Woofl.  .^  ^jj^^^^  ^^  ^y^^  ^.^  -^  ^^^ 

bronchi  containing  more  oxygen  and  with  the  atmospheric  air  holding 
still  more  oxygen. 
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iDBtrnments  to  obtain  alveolar  air  are  known  by  the  name  of 
aeiatonometers.  Haldane  and  Prieetly  found  that  the  normal  per 
cent,  of  carbon  dioxide  in  the  alveolar  air  vas  almost  constant  in  the 
same  perron,  the  average  percentages  were  5.62  to  6.38.  The  preesure 
of  oxygen  exhibited  great  variations.  When  the  heart  contracts 
(systole)  it  occupies  leas  space  in  the  thorax  than  it  does  during 
relaxation  (diastole).  Hence,  air  is  sucked  in  or  pushed  outward 
through  the  open  glottb  by  these  movements. 

A  glance  at  the  anatomy  of  lung-structure  reveals  the  fact  that 


Fig.  13ft. — Schemft  ot  the  Large  Reapiration  Appftratus  of 

Pettenkofer.      (  Fredmicqve.  } 

A,  Chief  current  Ol  air  mruured  br  the  meter,  but  not  anelrud.    B,  Portion 

of  air  uulned  and  comlug  Cram  the  cblet  current  ol  a)r.'  C.  Portion  of  nlr 

•nalxied  and  comlnc  from  tbe  turrouadlng  sir  before  It  enters  the  apparatui. 

the  alveoli  are  surrounded  by  a  dense  network  of  capillaries.  Some  of 
the  capillaries  even  project  into  tbe  air-spacee.  These  conditions  make 
more  easy  the  processes  of  diffusion. 

Some  of  the  oxygen  from  the  respired  air  passes  into  the  blood  to 
form  a  loose  chemical  combination  with  the  hemoglobin  of  the  red 
corpuscles;  oxyhtemoglobin.  This  gives  to  the  blood  its  red  color, 
making  it  arterial.  At  the  same  time  there  is  diffusion  of  carbonic 
acid  from  the  impure,  venous  blood  into  the  alveolar  compartments. 
The  oxyhiemogtobitt  of  the  blood  is  carried  along  by  the  blood-stream 
to  the  tissues  (the  real  seats  of  respiration),  where  the  oxygen  becomes 
disengaged  to  unite  with  the  tissue-cells.     In  the  production  of  heat 
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and  energy  it  has  united  with  the  carbon  of  the  tissues  to  form  carbonic 
acid  and  with  the  hydrogen  to  form  water.  That  which  is  not  used  up 
at  once  constitutes  a  reserve  supply  in  the  tissue  to  be  used  as  occasion 
demands. 

It  has  been  ascertained  that  the  quantity  of  oxygen  absorbed 
within  a  given  time  is  not  found  entirely  in  the  carbonic  acid  exhaled 
by  the  animal  during  the  same  time.  Consequently  one  can  scarcely 
consider  the  oxygen  as  employed  solely  in  burning  carbon  or  in  form- 
ing carbonic  acid.  Thus,  animals  draw  from  the  surrounding  atmos- 
pheric medium  a  quantity  of  free  oxygen  which  attacks  the  ternary 
and  quaternary  materials  of  the  organisms.  These  then  exhale  car- 
bonic acid  and  water  as  the  result  of  the  respiratory  combustion.  As 
an  animal  can  keep  its  weight  the  same  during  these  combustive 


Air  Iniplred.    As-^Nitrogen.  Air  Expired.    Az— Nitrogen. 

Fig.  140. —  (Lanolois.) 

changes,  it  must  be  admitted  that  the  carbon,  hydrogen,  and  nitrogen 
thus  lost  must  be  unceasingly  renewed  by  the  materials  it  ingests  and 
digests. 

It  is  impossible  to  observe  any  constancy  in  the  quantity  of  the 
products  consumed  or  exhaled  while  searching  into  the  amounts  of 
oxygen  absorbed  and  carbonic  acid  given  oflE  by  man  in  a  certain 
time.  The  chemical  phenomena  of  respiration  are,  in  fact,  of  such 
extreme  changeableness,  due  to  a  variety  of  causes,  that  physiolo- 
gists can  scarcely  know  them  all. 

The  expired  air  is  richer  in  COj  than  inspired.  It  contains  4.38 
volumes  per  cent,  of  this  gas,  and  consequently  a  hundred  times 
more  COj  than  the  air  inspired. 

The  air  expired  is  poorer  in  oxygen.  It  contains  16.03  volumes 
per  cent,  of  this  gas,  which  is  about  4.78  volumes  per  cent,  less  than 
the  inspired  air.  These  figures  show  that  the  absorption  or  loss  of 
oxygen  is  greater  than  the  elimination  of  COg  This  further  sub- 
stantiates the  statement  that  all  of  the  oxygen  absorbed  does  not 
appear  in  the  form  of  carbonic  acid. 
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Seat  of  (hddatioxL — ^It  used  to  be  held  that  the  lungs  were  the 
seat  of  the  metabolic  processes.  Afterwards  the  seat  of  these  chem- 
ical changes  was  located  in  the  tissues^  the  lungs  playing  but  a  small 
part.  Bohr  has  shown  that  about  one-third  of  the  metabolic  phe- 
nomena take  place  in  the  lung.  He  estimated  the  carbonic  acid  and 
oxygen  in  the  blood  of  the  right  hearty  and  compared  these  quantities 
with  those  found  in  the  blood  of  the  left  heart.  He  also  measured 
the  quantity  of  blood  passing  through  the  lungs  in  a  given  time. 
Knowing  the  amount  of  oxygen  inhaled  and  the  quantity  of  carbon 
dioxide  exhaled,  he  found  that  the  lungs  used  up  about  one-third  of 
the  oxygen  and  gave  off  one-third  of  the  total  carbon  dioxide  output. 

The  temperature  of  the  air  expired  is  greater  than  that  of  the 
air  inspired,  and  is  but  a  trifle  lower  than  the  body-temperature. 


ProteidB.  Normal  Food  Supply. 

Oa  Ot 

Fig.   141. — ^Variations  of  Respiratory  Quotient  According  to  Food 

Taken.     (  Langldis.  ) 

Though  the  temperature  of  the  surrounding  atmosphere  varies,  that 
of  the  expired  air  remains  nearly  the  same. 

The  volume  of  the  air  expired  is  greater  than  the  volume  of  the 
air  inspired,  by  reason  of  the  increase  in  temperature  and  the  con- 
tained watery  vapor.  If,  however,  it  be  dried  and  reduced  to  the 
same  temperature  as  the  inspired  air,  there  will  be  a  diminution  of 
volume :  about  one-fiftieth. 

The  respiratory  quotient  is  the  relation  between  the  volume 
of  oxygen  absorbed  and  the  volume  of  carbonic  acid  eliminated. 
That  is  :— 

_,           .    ,             ...       volume  of  COg  given  off      ...        ,,    ..  . 
The  respiratory  quotient  = 1_^ .     Normally  it  is 

volume  of  O  absorbed 

about  —^ —  =  0.9. 
4.78 

This  quotient  varies,  however,  with  the  nature  of  the  chemical 
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compoBition  of  the  foods  ingested.  With  the  carbohydrates  the 
quotient  approaches  unity.  The  carbohydrates  contain  in  their 
molecules  enough  oxygen  to  oxidize  their  hydrogen;  all  that  remaina 
for  the  inspired  oxygen  is  to  bum  up  the  carbon.  The  fats  and 
albumins,  on  the  contrary,  possess  too  little  oxygen  to  bam  all  of 
the  hydrogen  and  nitrogen  they  contain.  Hence  all  of  the  oxygen 
is  not  found  in  the  CO,  eliminated,  and  the  respiratory  quotient  falls 
to  0.75.  On  a  mixed  diet  the  quotient  is  intermediate  between  0.9 
and  0.15.  In  plants  the  respiratory  quotient,  especially  in  starchy 
ones,  is  equal  to  1.0.  In  fatty  seeds  the  respiratory  quotient  is 
O.C  to  0.8. 

Bate  and  Depth  of  Breathii^;  on  Beipiration. — PAiiger  has  shown 
that  the  increased  rate  of  respiration  does  not  cause  a  greater  exchange 


CarbobTdratei  Fat*. 
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Fig.  142. — 'S  anationa  o(  Besplratorj  Quotient  According  to  the 
Food  Tiilcen.      (Lanoloib.) 

of  CO}  and  0  than  Blow  breathing,  excluding  the  effect  of  increased 
activity  of  the  museles  of  respiration. 

Haldane  and  Priestly  have  shown  that  increasing  the  rate  of 
respiration  diminishes  its  depth;  hence  the  percentage  of  CO,  in 
alveolar  air  remains  unaffected  by  the  frequency. 

Effect  of  External  Temperature. — In  the  cold-blooded  animal 
the  temperature  and  the  respiratory  exchange  vary  with  the  external 
temperature.  Varm -blooded  animals  in  external  cold  increase  and  in 
external  warmth  decrease  their  respirator}'  exchange  and  the  produc- 
tion of  heat.  They  are  greatly  dejiendent  upon  the  effect  of  the 
nervous  system  upon  the  tone  of  the  muscles. 

The  response  of  warm-blooded  animals  to  changes  in  temperature 
can  be  abolislied  by  curare  or  section  of  the  apinal  cord.  Here  the 
muscles  are  not  in  tonus  by  the  central  nervous  system. 

Very  liigh  external  temperature  will  increase  respiratory  exchange. 
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for  heat  r^ulation  is  abolished  and  the  tiflsuee  are  unuBually  heated, 
as  in  high  fevers. 

Muscular  actirity  augments  the  gaseous  exchanges  and  so  makes 
the  respiratory  quotient  approach  a  unit.  Other  things  being  equal, 
man  absorbs  more  oxygen  and  exhales  more  carbonic  acid  than  a 
woman.    The  exchanges  are  increased  during  pregnancy. 

During  sleep  the  consumption  of  oxygen  and  the  elimination  of 
COs  diminish  about  6  per  cent.  This  decrease  depends  upon  mus- 
cular and  intellectual  repose,  darkness,  etc.  The  cells  of  the  tissues 
determine  the  amount  of  oxygen  needed,  and  not  an  excess  of  the 
oxygen  present.  The  intramolecular  changes  take  place  in  the  cells 
of  the  tissue,  and  not  in  the  blood.  The  amount  of  water  thrown 
off  daily  is  about  a  pound;  of  oxygen  taken  in,  about  a  pound  and 
one-half;  and  of  carbonic  acid  thrown  off,  a  little  more  than  a  pound 
and  a  half. 

In  human  blood  the  average  total  gases  are  estimated  to  be,  in 
round  numbers,  60  volumes  per  cent,  at  0°  C.  and  760  millimeters^ 
pressure,  made  up  as  follows : — 

Arterial  Vbnous 

Blood.  Blood. 

Oxygen     20  8  to  12 

Nitrogen  1.4  1.4 

Carbonic  acid   39  46 

The  above  table  represents  the  average  composition  of  the  gases 
contained  in  man's  blood. 

A  considerable  attraction  exists  between  the  particles  of  solid, 
porous  bodies  and  gases,  whereby  the  latter  are  condensed  within  the 
pores  of  the  solid  bodies;  that  is,  the  gases  are  absorbed.  Fluids 
also  can  absorb  gases.  One  of  the  functions  of  the  blood  is  to  carry 
oxygen  from  the  lungs  to  the  tissues  and  carbon  dioxide  from  the 
tissues  back  to  the  lungs  for  expulsion  from  the  economy.  These 
two  gases,  together  with  nitrogen,  present  themselv^  in  two  differ- 
ent states  in  the  blood.  The  blood,  a  fluid,  must  very  naturally 
absorb  gases  also.  Hence  one  would  expect  to  find  0,  CO,,  and  N 
held  in  solution,  and  also  that  these  gases  should  behave  according 
to  Dalton's  law :  the  amount  of  gas  dissolved  in  a  liquid  varies  with 
the  pressure  of  the  gas;  the  higher  the  pressure,  the  greater  the 
amount  of  gas  dissolved.  But  oxygen  held  in  the  blood  disregards 
Dalton's  law,  since  its  proportions  in  the  blood  in  various  parts  of 
the  body  remain  fairly  constant  no  matter  what  the  pressure. 
Hence,  it  owes  its  presence  in  and  obeys  laws  dependent  upon  its 

being  in  the  form  of  loose  chemical  combinations.    If  the  oxygen 

2e 
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were  mainly  held  in  solution,  then  the  blood  would  give  it  up  in  a 
forming  vacuum  in  direct  proportion  to  the  falling  o^gen-preasure. 
That  these  conditions  do  not  follow  tends  to  establish  the  fact  that 
the  oxygen  is  held  by  some  chemical  union.  Experimental  physiol- 
ogists also  tell  us  that  in  their  work  they  notice  that  very  little  O 
is  given  oflf  in  a  forming  vacuum  imtil  a'  very  much  reduced  pres- 
sure is  reached,  when  there  is  a  sudden  evolution  of  the  gas,  just 
as  though  it  had  been  freed  from  some  restraining  influence.  The 
restraint  is  now  generally  accepted  to  be  the  chemical  union  before 
mentioned. 

Physiologists  admit  to-day  that  the  major  portion  of  the  oxygen 
of  the  blood  is  contained  in  the  red  corpuscles,  which  are  the  special 
messengers  for  carrying  it  to  the  different  tissues.    When  you  compare 


A.— Arterial  blood  per  100.  V.— VeDous  blood  per  100. 
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Fig.  143. — ^Relative  Proportion  of  Oases  of  Blood.     (Lanoloib.) 

the  same  amount  of  blood  with  an  equal  amount  of  water  in  regard 
to  the  absorption  of  oxygen  both  agitated  in  the  air,  it  is  found  that 
blood  absorbs  more.  The  same  amount  of  oxygen  is  absorbed  whether 
you  breathe  air  or  oxygen.  At  a  low  partial  pressure  laked  blood  had  a 
relative  higher  saturation  than  unlaked  blood,  for  oxygen.  The  pres- 
sure of  the  CO2  regulates  the  absorption  of  0  by  the  blood,  according 
to  Bohr.  When  the  O-pressure  is  low  and  COj-pressure  high,  the  blood 
has  a  diminished  capacity  for  oxygen.  Haldane  and  Smith  also  found 
out  that  the  oxygen  capacity  varies  with  the  coloring  power  of  the 
blood.  The  red  corpuscles  contain  about  40  per  cent  of  hsemoglobin. 
This  coloring  material  is  not  the  same  as  hsBmoglobin  in  crystals  for 
their  capacity  to  absorb  oxygen  is  different.  A  40-per-i;ent.  solution 
of  haemoglobin  in  crystals  cannot  be  made.  Bohr  believes  that  the^e 
are   four   different   varieties    of   haemoglobin,   which   combine   with 
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difl^rent  amount^  of  oxygen  and  have  different  ^'specific  oxygon 
capocitiee/'  by  which  he  means  the  ratio  between  the^  number  of  grams 
of  iron  and  the  niunber  of  cubic  centimeters  of  oxjgen  present  in  a 
given  volume  of  blood.  The  capacity  of  corpuscles  for  holding  oxygen 
is  nicely  demonstrated  by  the  following  simple  experiment :  Serum, 
without  corpuscles,  is  agitated  in  the  presence  of  oxygen.  The  amount 
of  oxygen  absorbed  is  found  to  be  less  than  half  what  would  be  taken 
up  by  the  same  amount  of  serum  containing  red  corpuscles. 

The  oxygen,  being  preferably  united  with  the  corpuscles,  is 
joined  to  them  in  a  very  unstable  combination.  The  affinity  is  just 
strong  enough  to  facilitate  the  conveyance  of  the  gas  in  the  circula- 
tory system,  yet  not  so  strong  but  that  it  may  attack  the  combustible 
materials  of  the  tissues. 

However,  it  must  be  kept  in  mind  that  some  of  the  oxygen  is 
contained  in  the  blood-plasma,  where  it  is  in  simple  solution  and 
obeys  the  laws  of  Dalton. 

Ehrlich  injected  methylene  blue  into  the  vein  during  life. 
After  death  the  blood  was  found  to  be  blue  in.  color,  and  the  other 
tissues,  especially  the  glandular,  to  be  without  color.  Here  the 
avidity  of  the  tissues  for  oxygen  has  removed  this  from  the  methy* 
lene  blue,  which  then  becomes  colorless.  After  a  time  the  oxygen 
in  the  air  is  absorbed  and  methylene  blue  is  again  formed. 

A  curious  phenomena  of  respiration  in  the  tissues  is  that  the 
exhalation  of  carbon  dioxide  does  not  directly  depend  upon  the  pres- 
ence of  oxygen.  For  fragments  of  tissue,  when  placed  in  an  atmos- 
phere absolutely  deprived  of  oxygen,  as  in  hydrogen,  continue  to 
produce  carbonic  acid.  Engelmann  and  Pfliiger  hold  that  the  proto* 
plasm  of  the  cells  when  exposed  to  oxygen  has  the  power  of  storing  it 
up  in  an  intramolecular  form.  Respiration  is  not  so  simple  as  it 
appears  to  be:  the  oxygen  absorbed  is  not  immediately  transformed 
into  carbonic  acid. 

The  cells  of  the  tissues  determine  the  amount  of  oxygen 
required  and  not  the  amount  of  oxygen  available.  Inhalations  of 
pure  oxygen  do  not  augment  the  oxidation  in  the  tissues. 

The  intracellular  ferments  change  and  oxidize  the  dead  food- 
materials  in  the  extracellular  lymph  which  bathes  them,  just  as  has 
been  shown  that  the  yeast-cells  break  up  the  sugar  surrounding  them 
by  their  intracellular  ferment,  zymase,  forming  carbonic  acid  and 
alcohol.  The  animal  tissues  are  like  the  yeast-cell,  which  obtains 
its  oxygen,  when  deprived  of  it,  by  taking  oxygen  from  that  con- 
tained in  the  sugar,  for  the  animal  tissues  are  anaerobic,  as  they 
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obtain  tbe  oxygen  from  the  combined  haemoglobin.  If  living  tin 
is  removed  from  the  body  and  kept  warm,  moist,  and  sMtitic,  i 
breaks  up  by  hydrolytic  cleavage  into  simpler  compounds,  jitft « 
the  tissue  does  when  boiled  with  acids.  This  action  is  called  nil- 
lysis,  and  is  due  to  intracellular  ferments.  Pasteur  holds  that  fff- 
mentation  is  a  general  phenomenon  in  metabolism.  Schmiedebug 
and  others  have  shown  a  great  number  of  oxidations  taking  plitt 
in  the  body  which  can  only  ensue  through  the  intervention  of  intn- 
cellular  ferments,  which  are  called  oxidases. 

About  one-third  of  the  carbonic  acid  in  the  blood  is  food 
united  with  the  globin  of  the  red  corpuscles,  whilst  the  oxygen  ii 
combined  with  the  iron-holding  part  of  the  blood. 

Tissue  Bespiration. — The  intake  of  oxygen  and  the  onttakerf 
carbonic  acid  is  only  a  sort  of  preparatory  phase  of  the  respiration. 
The  real  respiration  is  in  the  tissues.  As  has  been  previously  sUH 
the  difference  of  pressure  between  the  oxygen  in  the  arterial  blood  and 
in  the  tissues  easily  explains  the  preponderance  of  oxygen  within  fte 
tissues.  The  elevated  temperature  also  aids  the  haemoglobin  in  giring 
up  its  oxygen  more  freely.  The  tissues  have  no  free  oxygen,  hence  ire 
always  hungry  for  it.  The  pressure  of  the  carbonic  acid  is  greater  in 
the  tissues  than  in  the  liquids  of  the  body. 

The  oxygen  passes  from  haemoglobin  to  plasma,  then  to  lymph 
and  from  the  lymph  to  the  cells  of  the  tissues.  The  carbon  dioiid© 
goes  from  the  tissues  to  the  lymph  then  to  the  plasma  of  the  blood. 

The  pressure  of  oxygen  in  percentages  of  an  atmosphere  is  as 
follows : — 

External    air     20-96 

Alveolar  air    16 

Arterial  blood   14 

Tissues    0 

In  the  dog,  Fredericque  gives  the  tension  of  carbonic  acid  ^ 
percentages  of  an  atmosphere : — 

Tissues     5      to  9 

l^yruph    4.4  to  4.9 

Venous  blood    3.8  to  6.4 

Alveolar  air    2.8 

External    air    04 

So  often  in  tire  study  of  physiology  the  student's  attention  i^ 
called  to  the  fact  that  the  movements  of  the  fluids  of  the  bodv  are 
always  in  the  direction  of  higher  to  lower  pressure.  The  explana^ 
tion  of  the  exchange  of  gases  held  in  loose  combination  in  the  bloodl 
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and  those  comprising  the  atmospheric  air  in  the  lungs  is  another  inter- 
esting study  of  difference  of  pressure. 

The  exchange  depends  upon  the  law  of  ^'dissociation  of  gases/^ 
and  is  as  follows :  '^any  gases  form  true  chemical  compounds  with 
other  bodies  when  the  contact  of  these  bodies  is  effected  under  such  con- 
ditions that  the  partial  pressure  of  the  gases  is  high.  The  chemical 
compound  formed  under  these  conditions  is  broken  up  whenever  the 
partial  pressure  is  diminished,  or  when  it  reaches  a  certain  minimum 
level,  which  varies  with  the  nature  of  the  bodies  forming  the  com- 
pound. Thus,  by  alternately  increasing  and  decreasing  the  partial 
pressure,  a  chemical  compound  of  the  gas  may  be  formed  and  again 
broken  up.*'  (Landois.) 

The  CO2  and  the  0  in  the  blood  form  certain  loose  combinations 
which  follow  this  law  exactly.  These  gaseous  compounds,  as  they  cir- 
culate with  the  blood-stream,  find  conditions  of  high  and  low  pressure 
enveloping  them,  whence  they  take  up  and  give  off  their  respective 
gases.    As  the  pressures  vary,  so  does  the  dissociation  of  the  gases. 

Thus,  the  oxygen-carrying  elements  of  the  blood,  the  haemoglobin 
of  the  red  corpuscles,  as  it  reaches  the  pulmonary  capillaries  is  poor  in 
0.  The  air  adjoining  them  in  the  pulmonary  alveoli  is  rich  with  0. 
The  haBmoglobin  unites  with  the  high-pressure  0  to  form  the  loose 
compound  oxyhsemoglobin.  Later,  the  oxyhemoglobin  meets  with 
tissues  poor  in  oxygen  and  which  need  this  element  for  their  combus- 
tion. There  is  a  dissociation  from  a  higher  to  a  lower  pressure 
whereby  the  tissues  receive  their  needed  supply.  The  corpuscles 
receive  replenishment  again  from  the  alveolar  oxygen,  and  in  this  way 
the  circle  is  completed. 

On  the  other  hand,  the  blood  in  contact  with  the  body-tissues 
meets  a  high  pressure  of  COj.  By  reason  of  which  compounds  are 
formed  containing  COj,  in  which  form  they  reach  the  air-vesicles  in 
the  lungs*  The  inspired  air  contained  within  the  air-vesicles  has  a 
much  lower  partial  pressure  of  CO2  than  that  contained  in  the  venous 
blood  coming  from  the  tissues.  Hence,  the  dissociation  of  the  CO, 
from  the  blood  to  the  vesicular  air,  finally  to  make  its  exit  along  the 
bronchioles,  bronchi,  trachea,  etc.,  to  the  atmosphere.  Bohr,  of  Copen- 
hagen, believes  the  epithelial  cells  of  the  air-cells  have  the  power  to 
excrete  carbonic  acid  and  absorb  oxygen  independent  of  the  differences 
in  tension  of  the  gases. 

Bohr  has  shown  that  the  vagi  have  an  influence  upon  the  intake 
of  oxygen  and  the  outtake  of  carbonic  acid.  In  the  turtle  section  of  a 
vagus  was  followed  by  a  considerable  fall  in  the  absorption  of  oxygpn. 
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Irritetion  of  the  ragui  inertaBcd  th«  absorption  of  oxygen.  In  the 
wann-blooded  animal  irritation  of  the  yagua  increased  the  absorption  of 
oxygen  and  the  exhalation  of  carbon  dioxide. 

Bat  hof«r  does  the  burning  of  carbon  take  place  at  the  temperature 
of  the  body?  Outside  of  the  body  the  carbon  will  not  be  oxidized  at 
the  body  temperature,  but  inside  the  tissues  it  is.  This  contradiction 
18  explained  by  the  presence  of  ferments,  oxidases,  which  in  the  test 
tube  certainly  generate  these  oxidations,  and  probably  also  do  so  in 
the  tissues. 

In  the  living  animal  experiments  have  been  made  to  determme 
the  respiratory  exchanges  in  different  tissue.  Chauveau  and  Kauf- 
mann,  in  1887,  found  by  a  comparison  of  the  arterial  blood  going  to 
the  muscle  elevating  the  upper  lip  of  the  horse  and  the  venous  blood 
coming  from  it,  the  following  numbers : — 

Quantity  Ptr  Minute  and  Per  Kilogram  of  Muaoie. 

O,  absorbed      CO,  given  off      Respiratory  Quotient 

RapoM  0.0068  gr.  0.0068  gr.  1 

Work   0.140    gr.  0.245    gr.  1.76 

They  also  made  similar  studies  upon  the  parotid  gland  and  ob- 
tained similar  results.  These  experiments  show  the  actual  state  of 
respiration  in  the  tissues.  The  carbonic  acid  is  formed  in  the  tissues 
and  thrown  off  by  the  lungs.  Carl  Vierordt,  with  a  rubber  band  about 
his  finger  and  a  spectroscope  for  direct  vision,  saw  the  two  bands  in 
the  spectrum  of  oxyhsemoglobin  in  the  end  of  the  finger  gradually 
vanish  and  the  single  band  of  haemoglobin  appear.  He  found  this  to 
take  place  in  two  minutes,  the  time  required  for  the  tissues  to  consume 
the  oxygen  of  the  haemoglobin  in  the  blood  retained  at  the  end  of 
the  finger.  This  experiment  demonstrated  the  avidity  of  the  tissue 
for  oxygen. 

The  blood  itself  has  a  very  feeble  oxidation  when  compared  with 
other  tissues.  Zuntz  cut  the  nerve  in  the  leg  of  a  dog  and  found  that 
the  exchange  of  gases  was  reduced.  The  lessening  of  oxygen  used  up 
and  of  carbonic  acid  given  off  was  about  the  same  in  amount. 

The  question  arises.  How  far  are  the  carbon  dioxide  producing 
powers  and  oxygen  absorbing  powers  of  living  tissue  dependent  upon 
one  another?  All  the  results  of  experiment  show  that  the  processes 
of  tissue  oxidation  take  place  in  more  than  one  stage,  and  that  the 
^rlier  stages  are  more  readily  accomplished  than  the  final  sta^  which 
Iwids  to  the  production  of  free  carbon  dioxide. 

To  study  tissue  respiration  it  is  incumbent  to  analyze  the  blood 
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going  to  and  leaving  the  organ  and  detennine  the  amount  of  blood 
passing  through  the  organ  in  a  given  time. 

The  British  Committee,  composed  of  Drs.  Goteh,  Barcroft,  Star- 
ling and  Brodie,  have  reported'  as  follows  on  The  Metabolic  Balance- 
sheet  of  Individual  Tissues : — 

1.  The  amount  of  oxygen  taken  up  by  the  heart  varied  with 
the  activity  of  the  organ.  Adrenalin,  atropine  and  barium  chloride 
increased  the  oxygen  intake  of  the  heart ;  stimulation  of  the  vagus  or 
administration  of  pilocarpine,  chloroform  or  potassium  chloride 
reduced  the  quantity  of  oxygen  which  the  heart  required. 

2.  When  the  chorda  tympani  was  stimulated  and  saliva  flowed 
the  oxygen  exchange  was  increased  three  or  four  fold. 

3.  Pancreas. — Intravenous  injection  of  secretin  in  the  dog  caused 
a  three-fold  increase  in  the  metabolism  of  the  pancreas,  coupled  with" 
a  flow  of  pancreatic  juice. 

4.  Intestine. — ^The  metabolism  was  much  increased  during  ab- 
sorption, whether  of  water  or  peptone  (dog). 

5.  Kidney. — Increase  in  the  flow  of  urine  induced  by  the  injec- 
tion of  salts  caused  a  three-fold  increase  in  the  oxygen  consumption  of 
the  kidney,  whether  perfused  through  the  renal  portal  vein  or  through 
the  renal  artery. 

6.  Skeletal  Muscle. — ^They  verified  the  co-efficient  of  oxidation 
as  determined  by  Chauveau  and  Kaufmann.  The  production  of  lactic 
acid  under  anaerobic  conditions  varied  with  the  time  and  was  increased 
by  heat  and  stimulation. 

They  obtained  some  results  of  general  application  from  the  study 
of  the  metabolism  of  individual  organs : 

7.  Increased  vascularity  does  not  of  itself  cause  any  change  in 
the  oxygen  consumption.  This  has  been  shown  in  the  heart,  salivary 
glands  and  the  kidney. 

8.  Increased  vascularity  is  associated  with  increased  production  of 
carbonic  acid  in  such  a  way  as  to  suggest  tlie  conclusion  that  some 
product  of  the  metabolic  activity  of  the  organ,  probably  not  COj  itself, 
causes  vascular  dilatation  during  increased  functional  activity.  This 
has  been  shown  in  the  heart  and  salivary  glands. 

9.  A  comparison  of  the  "co-efficient  of  oxidation"  (the  quantity 
of  oxygen  used  up  per  gram  of  tissue  per  minute)  varies  for  different 
organs  when  at  rest.  It  is  much  higher  for  the  glandular  organs  than 
for  skeletal  muscle. 
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10.  From  the  reBults  it  would  appear  that  the  r&le  of  miiBcle  as 
the  great  regulator  of  heat  production  is  played  as  much  in  rirtue  of 
the  relatively  small  amount  of  oxidation  which  takes  place  in  it  when 
at  rest  as  the  relatively  great  amount  during  activity. 

ITitrogen. — ^The  blood  absorbs  more  nitrogen  than  the  same 
volume  of  water  would  under  the  same  condition.  The  increased 
absorption  of  nitrogen  is  dependent  upon  some  physical  conditions 
of  the  blood.    These  are  the  presence  of  haemoglobin  and  oxygen. 

Belation  of  CO^  in  the  Blood. — Carbonic  acid  must  be  regarded, 
on  the  contrary,  as  one  of  the  final  products  of  the  nutritive  trans- 
mutations. When  the  very  small  proportion  of  this  gas  in  ordmary 
atmospheric  air  and  its  considerable  amount  in  expired  air  are  con- 
sidered, it  is  easy  to  be  convinced  that  carbonic  acid  is  indeed  a  product 
of  the  organism.    The  gas,  therefore,  comes  from  the  tissues. 

It  is  very  generally  admitted  that  the  greater  part  of  the  car- 
bonic acid  is  in  a  condition  of  chemical  combination.  The  principal 
compound  is  bicarbonate  of  sodium,  in  the  serum. 

The  sodium  in  the  blood  is  the  seat  of  a  constant  struggle 
between  the  carbonic  and  phosphoric  acids  to  form  a  combination 
with  it.  When  carbonic  acid  is  in  excess,  there  results  sodium  car- 
bonate and  monosodium  phosphate.  When  the  carbonic  acid  is 
diminished,  the  phosphoric  acid  acquires  the  greater  part  of  the 
sodium,  to  form  disodium  phosphate.  The  proteids  of  the  plasma  and 
corpuscles  can  act  as  carriers  of  carbon  dioxide.  They  can  combine 
like  weak  acids  with  the  alkalies  of  the  blood,  but  a  high  pressure  of 
CO,  can  displace  them  from  the  alkalies.  Haemoglobin  can  act  like  an 
acid  and  in  a  vacuum  displace  the  CO2  and  unite  with  the  alkali,  but 
a  high  pressure  of  CO,  can  remove  the  haemoglobin.  Bohr  even  finds 
that  haemoglobin  itself  can  absorb  CO2,  which  unites  with  its  globulin 
part. 

Effect  of  Distension  of  Lung  on  Heart-beat. — It  has  been  found 
that,  when  the  lung  is  distended,  the  heart  beats  faster ;  this  increased 
action  is  caused  by  an  irritation  of  the  sensory  nerves  in  the  lungs, 
which,  in  a  reflex  manner,  inhibits  the  cardio-inhibitory  center  and 
permits  the  heart  to  beat  faster  as  the  brake  is  taken  off. 

Dr.  Da  Costa,  in  his  examination  of  twenty-four  glass-blowers, 
found  that  in  eleven  the  pulse  ranged  from  90  to  116  per  minute.  I 
have  shown  elsewhere  that  this  is  due  to  the  irritation  of  the  sensory 
fibers  of  the  vagus  by  the  great  distension  of  the  lungs,  which  also 
diminishes  the  irritability  of  the  cardio-inhibitory  center.  The  great 
lung-distension  in  glass-blowers  occurs  daily  for  years. 


RESPIRATION.  893 

Now,  it  ia  well  known  that  the  inhibitory  power  of  the  vagus  in 
man  is  very  great,  and  its  power  varies  in  different  individuals;  this 
would  explain  why  the  thirteen  other  glass-blowers  showed  no  habitual 
acceleration  of  the  heart.  As  this  performance  is  kept  up  many 
hours  daily  for  a  series  of  years^  it  is  easy  to  conceive  that  the  cardio- 
inhibitory  power  of  the  vagus  center  receives  such  a  diminution  of 
irritability  so  often  that  it  would  at  length  remain  constantly  weak. 

Beipiration  of  Different  Oases. — ^The  usual  and  normal  medium 
inspired  is  ordinary  atmospheric  air,  from  which  there  is  derived  the 
needful  supply  of  oxygen.  The  open  atmosphere  is  a  mixture  of  gases 
in  the  following  approximate  proportions  :— 

{Nitrogen,  including  argon ,  etc 70.00 ^ 
Oxygen     20.96  L„  jqO  paritg. 
Carbon  dioxide   0.04  J 

Argon,  NH„  H,0,  and  organic  matter  in 
small  variable  quantities. 

Though  the  quantity  of  water  in  the  air  is  marked, — over  1  per 
cent., — ^it  is  not  customary  to  reckon  it  in  the  gaseous  constituents. 

Some  gases,  as  hydrogen  and  nitrogen,  produce  no  specific  effects 
from  any  toxic  powers  in  themselves  when  they  are  breathed;  they 
produce  results  simply  because  they  exclude  the  proper  supply  of 
oxygen  for  the  animal.  On  the  other  hand,  gases  6uch  as  carbon 
dioxide,  carbon  monoxide,  nitrous  oxide,  and  hydrogen  sulphide, 
when  respired  in  sufficient  bulk,  are  absorbed  and  so  produce  specific, 
toxic  effects.  A  third  class  of  gases,  such  as  ammonia  and  nitric 
oxide,  are  not  respirable,  because  of  their  higlily  irritant  action  upon 
the  respiratory  apparatus.     Spasm  of  the  glottis  is  produced. 

Carbon  dioxide,  when  undiluted,  is  irrespirable  by  reason  of  the 
spasm  of  the  glottis  produced  by  it.  Properly  diluted  it  can  be 
respired,  but  produces  headache,  dizziness,  drowsiness,  and  dyspnoea 
by  an  action  on  the  nervous  system.  Nitrous  oxide  acts  directly 
upon  the  nervous  system,  partly  by  a  special  action  and  partly  by 
producing  an  excess  of  COj  in  the  blood.  Nitrogen  and  hydrogen 
gases  produce  their  fatal  effects  by  asphyxia,  due  to  exclusion  of  the 
oxygen  and  thereby  preventing  oxygenation  of  the  blood-corpuscles. 
Differing  from  these  gases  are  the  effects  produced  by  inhalation  of 
carbon  monoxide.  It  was  long  known  that  this  gas  was  poisonous, 
but  it  has  only  been  within  recent  years  that  its  mode  of  producing 
asphyxia  has  been  learned.  Instead  of  excluding  the  oxygen,  it 
displaces  the  latter  in  the  blood,  forming  a  very  stable  compound 
with  the  haemoglobin  of  the  red  corpuscles.    It  is  interesting  to  note 
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that  the  color  of  the  blood  after  death  from  asphyxia  from  carbon 
monoxide  is  cherry-^ed;  in  other  forms  of  asphyxia  the  blood  is 
almost  black.  These  occur  from  poisoning  by  coal-gas  (especially 
where  charcoal  stoves  are  used  in  small  rooms),  the  fumes  of  kilns  and 
coke-fires,  and  from  inhaling  the  air  of  coal-mines,  especially  after 
explosions. 

Caissons  and  the  Effect  of  Compressed  ilir. — ^In  caissons  men  are 
able  to  support  during  some  moments  a  pressure  of  five  to  ten  atmos- 
pheres when  they  proceed  with  caution.  If  the  pressure  is  too  rapid, 
there  is  great  danger.  On  decompression  pains  in  the  joints  and 
muscles  ensue,  followed  by  paralysis,  with  deafness  and  vertigo. 
These  symptoms  are  called  'T)ends." 

When  an  animal  that  resists  a  pressure  of  ten  atmospheres  dies 
instantly  from  a  rapid  change  to  ordinary  pressure,  the  autopsy 
shows  that  the  heart  and  large  vessels  are  filled  with  bubbles  of  gas, 
especially  of  nitrogen.  Under  the  influence  of  double  or  triple  pres- 
sure the  blood  absorbs  a  double  or  triple  proportion  of  air,  especially 
the  nitrogen.  If  the  animal  is  submitted  to  a  rapid  diminution  of 
pressure,  the  nitrogen,  not  being  kept  in  solution  in  the  blood,  is 
disengaged  in  a  gaseous  state  in  the  form  of  bubbles,  which  produce 
embolism  in  the  capillaries  of  the  brain,  lungs,  and  heart,  and  arrest 
the  circulation.  To  avoid  the  disengagement  of  bubbles  of  nitrogen 
it  is  necessary  to  let  the  atmospheric  compression  down  in  a  very 
gradual  manner.  Operatives  on  leaving  the  tubes  in  which  com- 
pressed air  exists  must  remain  a  quarter  to  a  half  hour  in  the  closed 
chambers,  where  the  pressure  is  reduced  little  by  little.  The  excess 
of  gas  absorbed  is  slowly  eliminated  by  the  lungs  without  producing 
an  accident.  Four  atmospheres  is  about  the  amount  that  operatives 
can  work  in  with  safety.  Every  ten  meters  of  depth  in  water  roughly 
equals  one  atmosphere.  By  itself  compressed  oxygen  is  a  toxic 
agent,  for  it  lowers  the  output  of  carbonic  acid  and  the  temperature 
of  the  body.  The  cure  for  caisson-paralysis  is  recompression  and 
slow  decompression. 

Hill  and  McLeod  have  shown  that  in  compression  air  chambers 
there  was  no  alteration  of  blood-pressure  or  pulse-rate,  or  in  the 
diameter  of  the  blood-vessels,  or  in  the  rate  of  the  flow  of  blood.  A 
rise  of  atmospheric  pressure  exercises  no  mechanical  effect  upon  the 
circulation.  Hill  and  McLeod  have  shown  that  the  oxygen  of  the 
air  compressed  produces  inflammation  of  the  lungs,  just  like  ether 
or  any  other  irritant.  This  inflammation  is  produced  in  an  hour  or 
two  with  high  pressures. 
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escape  the  effects  of  a  want  of  oxygen  in  the  blood  ?  To  overcome 
this  diminished  absorption  of  oxygen  Nature  adapts  itself  by  increas- 
ing the  number  of  red  corpuscles  in  the  blood.  Then  the  increased 
amount  of  haemoglobin  in  the  blood  can  take  up  more  oxygen,  and 
thus  overcome  the  effects  of  a  rarefied  air. 

Yentilation. — Let  it  suffice  here  to  recall  that  the  problem  of 
ventilation  consists  in  maintaining,  in  more  or  less  closed  spaces,  the 
normal  composition  of  the  atmospheric  air.  Not  only  this,  but  to 
counteract  the  incessant  modifications  the  respiration  of  man  or  of 
animals  makes  this  medium  undergo.  For  these  purposes  it  is 
important  that  the  ventilation  should  be  very  active. 

It  has  been  established  that,  for  closed  spaces  intended  to  receive 
healthy  persons,  it  suffices  that  the  ventilation  furnish  1,000  cubic 
feet  of  new  air  per  person  per  hour.  This  is  not  sufficient  for  hos^ 
pitals  which  contain  sick  persons,  where  more  abundant  and  vitiated 
emanations  are  received  by  patients  less  fitted  to  react  against 
their  influence.  Those  hospitals  which  receive  3,000  cubic  feet  of 
fresh  air  for  each  sick  person  hourly  are  free  from  odor. 

A  healthy  adult  gives  off  about  0.6  cubic  feet  of  carbonic  acid 
per  hour.  If  he  be  supplied  with  1,000  cubic  feet  of  fresh  air  per 
hour  he  will  add  0.6  to  the  0.4  cubic  feet  of  carbonic  acid  it  already 
contains. .   That  is,  he  raises  the  percentage  to  .01. 

Pharmacologioal. — ^The  increase  of  pressure  in  the  pulmonary 
circulation  and  a  simultaneous  decrease  of  arterial  tension  in  the 
systemic  circulation  by  amyl  nitrite  are  due  either  to  a  contraction 
of  the  pulmonary  vessels  or  to  a  weakness  of  the  left  ventricle,  and 
as  a  consequence  a  backing  up  of  blood  in  the  left  auricle.  Nitro- 
glycerine acts  like  nitrite  of  amyl.  Aconite  lowers  the  pressure  in 
both  the  puMonary  and  systemic  circulations,  due  to  a  weakening 
of  both  sides  of  the  heart.  Ergot  constantly  causes  a  marked 
increase  of  pulmonary  arterial  tension,  with  a  primary  decrease  of 
aortic  pressure,  hence  is  not  useful  in  pulmonary  haemorrhage. 
Digitalis,  strophanthin,  and  adrenal  extract  increase  the  tension  in  the 
systemic  circulation,  leaving  the  pressure  in  the  pulmonary  circulation 
unchanged.  It  is  singular  that  the  adrenal  extract  should  so  greatly 
affect  the  systemic  pressure  and  not  the  pulmonary,  whilst  ergot  acts 
reversely — augments  the  pulmonary  pressure  more  than  that  of  the 
aortic  system.  These  facts  show  the  independence  of  the  pressure  in 
the  pulmonary  vessels  to  the  tension  in  vessels  of  the  systemic 
circulation.' 


'Tigerstedt,  KrgpebnisHe  dcr  Physiolugie,  1003. 
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The  blood-pressure  in  the  pulmonary  artery  is  about  one-third 
to  cneHseventh  that  in  the  aorta. 

As  to  the  vasomotor  nerves  of  the  lungs^  we  do  not  know  whether 

Ui^y  have  a  tonus^  or  under  what  circumstances  they  are  called  into 

^otuvity.     It   is  natural   to   conclude,   since   pulmonary   vasomotor 

'^^ires  exist,  that  they  are  excited  when  the  left  heart  has  difficulty 

^^^   emptying  itself;  in  this  case  they  could  contract  and  diminish  the 

•'^^ux  of  blood  to  the  left  side  of  the  heart. 

Ftithologioal  Action. — The  lungs  are  sixty  times  larger  in  surface 
than  that  of  the  body;    hence  the  blood  oxidation  should  be 
rfect. 

Inspiration  opens  the  alveolar  capillaries  and  the  circulation  of 
^^lood  in  them  is  accelerated.    In  mitral  regurgitation  there  is  a  con- 
gestion of  the  blood-vessels  in  the  alveoli. 

The  blood  and  lymph  flow  in  the  apices  of  the  lungs  are  not  much 
accelerated  by  inspiration,  for  there  is  a  much  less  variation  in  respira- 
tory pressure.    The  seat  of  tuberculosis  is  for  this  reason  often  in  the 
apex  of  the  lung. 

Reflex  contraction  of  the  bronchioles  resulting  in  asthma  may 
be  caused  by  polyps  in  the  nose  or  by  irritation  from  the  stomach. 

Corsets  by  interfering  with  the  function  of  the  abdominal  mus- 
cles in  the  support  of  the  liver  and  other  abdominal  viscera  cause 
them  to  be  dislocated  downward  (Glenard's  disease). 

The  respiratory  and  vomiting  centers  are  near  neighbors  in  the 
medulla  oblongata;  hence  dyspnoea  by  irritating  the  respiratory 
centers  spreads  impulses  to  the  vomiting  center. 

The  excessive  use  of  tobacco,  by  depressing  the  respiratory  center, 
may  cause  sighing  respiration. 


CHAPTER  VIII 

SECRETION. 

INTERNAL  SECRETION. 

The  tissue-activity  of  the  organism  may  be  conveniently  claased 
under  three  groups :  (a)  muscular  activity,  manifesting  itself  in  heat 
and  motion;  (6)  nervous  activity,  including  all  nervous  acts,  from 
sensation  to  reason;  (c)  glandular  activity,  which  is  the  general  func- 
tion of  epithelial  and  lymphoid  tissues.  It  includes  all  those  changes 
of  metabolism  whereby  there  follows,  as  a  result  of  elaboration^  a 
special  mixture. 

It  is  with  the  last  of  the  three — ^glandular  activity — that  we  are 
now  to  deal.  However,  the  human  economy  being  such  a  complex 
organism,  it  must  be  borne  in  mind  that  disturbance  or  lack  of 
activity  of  one  kind  may  have  a  very  marked  influence  upon  other 
metabolic  functions.  It  is  well  known,  especially  among  animal  fan- 
ciers, what  a  great  effect  the  removal  of  the  ovaries  and  testicles 
may  occasion  in  the  development  of  other  organs  and  in  the  general 
nutrition  of  the  body.  Proteid  waste  of  increased  proportion  follows 
the  removal  of  a  considerable  portion  of  renal  tissue.  The  liver  is 
most  intimately  connected  with  the  metabolism  of  carbohydrates  and 
proteids  as  well  as  those  food-constituents  which  contain  iron. 

The  gland-cells  enjoy  an  essential  role  in  secretion.  These  cells 
are  applied  upon  the  basement  membrane  of  the  glandular  acini  in 
such  a  fashion  that  each  cul-de-sac  is  surrounded  by  a  network  of 
capillaries.  Ludwig  and  Tomsa  have  shown  that  between  the  blood- 
capillaries  and  the  acinus  are  found  lymphatic  spaces.  The  cells  of 
the  acinus,  surrounded  by  the  lymph  in  the  spaces,  take  from  it  the 
elements  needed  for  the  production  of  their  own  peculiar  secretion. 

Dependent  upon  the  nature  of  the  activity  of  the  epithelium  of 
the  glands,  the  general  process  of  secretion  may  be  said  to  comprise 
four  distinct  modes: — 

1.  Seoretion  by  Filtration. — ^In  this  case  the  glandular  epithe- 
lium does  not  manufacture  any  material;  it  utilizes  the  principles 
preexisting  in  the  blood  and  Ijrmph.  This  kind  of  secretion  is  related 
to  serous  transudation,  as  of  the  pleurae  and  peritoneum,  but  it  is 
not  a  simple  filtration.  The  selective  action  of  the  epithelium  acts 
upon  the  transit  of  the  secretion  and  varies  the  proportion  of  the 
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influence  of  the  blood-pressure^  and  vanes  in  its  intensity  as  the 
arterial  tension  varies.  It^  properly  speaking,  is  an  aocessory  act  of 
secretion. 

2.  The  second  feature  is  the  activity  of  the  gland-cMs,  which 
take  from  the  lymph  the  matprials  necessary  for  secretion,  to  change 
them  more  or  less.  This  phase  is  the  essential  act  of  secretion.  It 
is  dependent  upon  filtration  to  the  extent  that  filtration  furnishes 
the  liquid  which  the  glandular  cells  need  and  renews  it  when 
exhausted. 

The  activity  of  the  gland-cells  attains  its  maximum  in  general 
during  the  apparent  repose  of  the  gland.  When  the  gland  is  not 
secreting,  its  cells  are  preparing  substances  peculiar  to  each  secre- 
tion. This  is  true  particularly  of  the  ferments,  as  pepsinogen, 
trypsinogen,  etc. 

The  two  processes — filtration  and  gland-cell  activity — may  be 
separated  from  one  another  without  producing  any  interference. 
Thus,  secretion  can  continue  when  the  head  is  amputated,  and  even 
if  the  circulation  of  the  gland  be  arrested.  Salivation  can  continue 
after  both  these  events  have  occurred. 

On  the  other  hand,  the  injection  of  carbonate  of  soda  into  the 
salivary  duct  destroys  the  gland  activity  without  affecting  the  cir- 
culation of  the  gland.  Should  the  chorda  tympani  be  stimulated 
filtration  from  the  blood  continues,  but  the  gland  does  not  secrete. 
There  is  an  accumulation  of  lymph  in  the  lymph-spaces  until  the 
gland  becomes  oedematous. 

NATURE  OF  INTERNAL  SECRETION. 

This  is  not  the  same  for  all  of  the  glands.  The  secreted  pro- 
duct may  be  destined  to  destroy  the  noxious  principles  resulting 
from  the  functions  of  the  organ,  as  of  the  liver  and  suprarenal  cap- 
sules. Its  aim  may  be  to  break  up  the  excess  of  sugar,  as  is  the 
case  with  the  pancreas ;  or  to  prevent  excess  of  a  colloid  material, 
as  with  the  thyroid  gland.  The  enrichment  of  the  blood  with  use- 
ful principles  is  accomplished  by  the  sugar  of  the  liver.  The  testicle 
extract  supplies  more  nervous  energy. 

THE  THYROID. 

He  thyroid  gland,  when  fully  developed,  has  no  excretory  duct ; 
so,  with  the  spleen,  suprarenal  bodies,  and  thymuB,  it  ib  vaually 
classed  under  the  head  of  ductless  glands. 

The  thyroid  is  a  soft,  reddish  body  embracing  the  front  and 
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young  animals  than  in  adults.    The  removal  of  the  gland  in  aged 
camivora  is  followed  by  the  usual  cachexia. 

Cachexia  Strumipriva  has  been  found  by  all  observers  io  occur 
with  greater  frequency  when  thyroidectomy  has  been  performed  on 
young  individuals. 

The  classification  of  symptoms  from  removal  of  the  thyroid  is 
either  (a)  myxoedema,  or  (b)  cretinism. 

When  the  thyroid  body  is  diseased  or  removed  from  children  so 
that  its  functions  are  obliterated,  there  is  produced  a  specief  of 
idiocy  called  cretinism. 

A  like  condition  in  adults  receives  the  name  of  myiadem. 
Noticeable  symptoms  of  this  disease  are  slowness  of  both  body  and 
mind.    There  is  also  a  peculiar  condition  of  the  skin  wherein  there  is 


Fig.  146a. — Arrest  of  Development  in  a  Sheep  after  a  Thyroidectomy 
Done  Six  Days  after  Birth;  the  Larger  One  is  the  Skeleton  of  a  Normal 
Sheep  of  the  same  Age.      (Von  Eiselsbkro.) 

overgrowth  of  the  subcutaneous  tissue.     In  time  this  becomes  replaced 
by    fat.     Myxoedema   was   believed   to   be   an   oedematous   condition 
characterized  by  the  presence  of  a  large  amount  of  mucin.     That  there 
is  an  excess  of  mucin  has  been  determined,  but  it  is  not  in  proportion 
to   produce   this    pathological    condition.     The    disease   is    rather  fl 
hyperplasia  of  the  connective  tissue.     The  integument  especially  swell? 
and  the  eyelids  become  puffy.     At  the  same  time  the  surface  becomes 
dry  and  there  is  a  tendency  to  shed  hairs  and  superficial  epithelium 
The  hyperplastic  change  is  followed  by  atropic  changes,  accompanied 
at  first  by  slight  fever ;  later  the  temperature  becomes  subnormal. 

In  myxoedema  the  metabolism  of  nitrogenized  substances  is 
lowered ;  there  is  a  diminution  of  urea  and  the  total  nitrogen  of  the 
urine.  There  is  also  a  diminution  of  phosphoric  acid,  and  the  quantity 
of  carbonic  acid  exhaled.  This  lowered  metabolism  lowers  the 
temperature.  In  myxoedema  there  is  a  want  of  development  in  the 
cartilages  of  the  epiphyses,  an  atrophy  of  the  genital  organs,  ovaries  and 
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mcreasee  their  power.  The  thyroid  acts  mechanically  as  a  safeguard 
of  the  brain  against  engorgement.  In  a  sudden  increase  of  blood- 
pressure,  whether  from  increased  activity  of  the  heart  or  from 
increased  capillary  resistance,  the  thyroid  is  capable  of  paseing 
through  its  vessels  a  large  amount  of  blood  within  a  very  short  time, 
so  as  to  take  it  back  directly  from  the  arterial  into  the  venous  eys- 
tem  and  thns  prevent  its  entrance  into  the  cerebral  circulation. 

PARATHYROIDS. 

tiandstroem,  a  Swedish  anatomist,  first  discovered  the  para- 
thyroids. Vassale  and  Gley  first  established  their  function.  In  man 
the  internal  or  superior  parathyroid?   are  located  on  tlie  posterior 


surface  of  the  thjrroid  gland,  at  the  junction  of  the  upper  and  middle 
third  of  the  gland.  The  external  or  inferior  are  aeat^d  near  the  lower 
margin  of  the  thyroid  on  its  posterior  surface.  There  are  four  para- 
thyroids in  man,  two  on  each  side  of  the  median  line.  In  the  lower 
animals  and  in  man  there  are  accessory  parathyroids,  some  located, 
according  to  Pepere,  on  the  posterior  surface  of  the  thymus,  in  its 
capsule,  or  in  its  superficial  interlobular  grooves.  In  man  they  are 
often  associated  with  epithelial,  tubular  or  cystic  formations.  The 
structure  of  the  parathyroids  is  different  from  that  of  the  thyroids,  both 
histologically  and  embryologically.  The  cells  of  the  parathyroids  have 
H  large  nucleus  surrounded  by  a  small  amount  of  protoplasm  in  which 
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ireg;ranule6  more  or  less  developed.    They  can  be  colored  by  reagents. 
They  secrete  a  colloid  substance  which  enters  the  blood  through  the 
lymphatics.    When  all  the  parathyroids  are  removed  there  is  partial 
paralysis,  especially  of  the  extensors,  trembling  in  all  the  muscles 
followed  by  a  series  of  convulsive  attacks  with  loss  of  appetite ;  there 
is  often  vomiting,  dyspnoea,  replaced  during  the  convulsive  attacks  by 
polypnoea.    The  temperature  rises  during  these  convulsive  attacks. 
This  tetany  begins  in  24  to  48  hours  after  the  operation  in  the  dog  and 
rabbit.    The  dog  dies  generally  from  the  second  to  the  fifth  day,  and, 
as  a  rule,  in  convulsions.    The  seat  of  the  tetany  is  central.     Robert 
Quest  analyzed  the  brains  of  three  infants  dead  of  tetany  and  foimd 
the  amount  of  calcium  to  be  small,  and  the  proportion  between  the 
amount  of  sodium  and  calcium  to  be  changed.     Oddo  and  Sarles  found 
^he  urine  in  tetany  in  infants  to  have  an  exaggerated  amount  of  phos- 
phate of  calcium. 

Xetter  cured  three  eases  of  tetanv  in  infants  with  chloride  of 
^•alcimn  bv  the  mouth. 

W.  G.  McCallum  and  Voegtlin  confirmed  the  results  of  Quest  as  to 

^he    lessened  amount  of  calcium  in  the  brain.     They  also  found,  as 

^<ldo  and  Sarles  did,  an  increased  urinary  excretion  of  calciimi  lately 

denied.    McCallum  and  Voegtlin  also  found  the  calcium  to  be  dimin- 

*^hed  in  the  blood  and  muscles  to  one-half  the  usual  amount. 

McCallum    and    Voegtlin    found    after    parathyroidectomy,    an 
^ticrease  in  the  urine  of  nitrogen,  ammonia,  and  an  increased  ammonia 
t^tio  in  the  urine.     Thev  also  found  an  increased  amoimt  of  ammonia 
in  the  blood. 

They  also  arrested  tetany  for  24  hours  in  dogs  by  seven  grains  of 
calcium  by  the  vein.  Halsted  has  cured  tetany  in  man,  due  to 
operations  on  the  thyroid  and  parathyroids  by  calcium.  Injections  of 
the  parathyroid  extract  have  been  shown  by  Beebe  to  cause  the  symp- 
toms of  tetany  to  vanish  for  a  time,  but  death  finally  ensued.  Ott  and 
Scott  have  found  ten  to  twenty  grains  of  pituitary  extract,  sub- 
cutaneously  stops  tetany  in  cats,  and  causes  the  shambling,  tremb- 
ling gait  to  be  replaced  by  a  normal  one.  McCallum  has  shown  that 
transfusion  of  blood  from  a  dog  suffering  from  tetany  did  not  cause 
the  other  dog  to  have  it.  Removal  of  the  parathyroids  produces 
tetany  by  a  toxic  agent  in  the  blood,  not  by  a  deficiency  of  calcium. 
The  parathyroid  extract  usually  does  not  alter  the  pulse-rate  to  any 
extent.  For  the  moment  it  usually  slightly  increases  arterial  tension 
and  then  decreases  it.  It  greatly  augments  the  urinary  secretion  by  an 
action  on  the  renal  epithelium.     It  also  augments  uterine  contraction 
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and  intestinal  peristalsis.  Pituitary  extract  when  given,  increaaeg 
calcium  in  the  blood.  Adrenal  extract  causes  the  blood  to  retain 
calcium.  Now,  tetany  can  ensue  in  lactation^  in  rickets,  in  pregnaacj, 
and  from  operations  on  the  thyroid,  involving  the  parathyroids.  There 
is  a  juvenile  tetany,  and  a  tetany  due  to  gastro-intestinal  disorder. 
Eclampsia  and  paralysis  agitans  have  been  referred  to  changes  in  the 
parathyroid. 

THE  SPLEEN. 

The  spleen  is  deeply  placed  in  the  left  hypochondrium.  Its 
shape  is  a  half-ovoid.  Its  consistency  is  comparatively  soft,  and  \U 
color  is  purplish.  Its  external  convex  surface  is  in  contact  with  the 
diaphragm  opposite  the  three  or  four  lower  ribs.  Its  internal  sur- 
face is  applied  to  the  fundus  of  the  stomach,  to  which  it  adheres  by 
the  gastro-splenic  omentum.  In  the  middle  of  the  internal  surface 
of  the  spleen  there  is  a  slight  groove,  the  hilus,  where  the  arter\'  and 
nerves  enter.  The  spleen  usually  is  five  inches  in  length,  four  inches 
in  breadth,  and  from  one  to  one  and  one-half  inches  thick.  It  has 
two  coats :  the  outer  serous  and  the  inner  fibro-elastic. 

The  spleen  when  torn  has  a  deep  reddish-black,  pulpy  appear- 
ance,   resembling    coagulated    blood.     This    splenic    pulp    may  be 
removed  from  the  spleen  by  maceration,  leaving  a  spongy  mass  com- 
posed  of   splenic   blood-vessels   associated   with   numerous   trabecule 
of  fibro-elastic  tissue.     Adhering  to  the  side  of  the  smallest  arteries 
of  the  spleen  are  small,  rounded,  whitish  bodies,  the  corpuscles  of 
Malpighi,  one-thirtieth  to  one-sixtieth  of  an  inch  in  diameter.    The 
splenic  pulp   contains  red  blood-corpuscles,  granular  corpuscles  re- 
sembling lymphocytes  in  appearance,  having  an  amoeboid  movement, 
and  red  corpuscles  undergoing  disintegration. 

Function. — The  extirpation  of  the  spleen  leaves  life  and  health 
intact  in  animals  and  in  man.  All  that  results  is  a  more  or  less  pro- 
nounced hypertrophy  in  all  the  lymphatic  ganglia  of  the  body. 

Direct  irritation  of  the  spleen,  the  direct  or  reflex  irritation  of 
the  medulla  oblongata,  the  application  of  ice-water  to  the  left  h}Tpo- 
gastrium,  and  quinine  cause  a  diminution  of  the  spleen  by  contrac- 
tion of  the  muscles  of  the  capsule  and  trabecula.  The  spleen  is  con- 
gested during  digestion,  and  when  the  portal  circulation  is  interfered 
with,  and  in  a  great  number  of  infectious  diseases,  notably  tjrphoid 
and  malarial  fevers.  The  spleen  is  supposed  by  some  to  manufac- 
ture white  blood-corpuscles,  and  this  manufacturing  reaches  a  pro- 
noimced    activity    when    the    organ    is   hypertrophied,   as   in   leuco- 
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appears  to  be  a  Becoodary  alcohol,  and  it  is  C,Hi  (OH,).  CH  (OH) 
GH,.  NH.  CH,.  In  the  adrenals  of  patients  dead  of  Addison's  dis- 
ease there  was  no  adrenalin. 

Blood-iapply. — The  blood-vessels  of  these  suprarenal  bodies  are 
numerous.  Each  ia  supplied  by  the  suprarenal  artery  from  the  aorta, 
together  with  branches  from  the  contiguous  phrenic  and  renal  arte- 
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Fig.  162. — Effect  of  Adrenalin  on  InteHtinal  PeriatalsiB. 

ricB.  When  the  arteriea  enter  the  organ  they  ramify  through  the 
fibrous  stroma  and  terminate  in  capillaries  surrounding  the  recep- 
tacles of  the  granular  cell-contents.  The  nerves  are  chiefly  derived 
fi-om  the  solar  and  renal  plexuses  of  the  sympathetic  eystem,  and  are 
\cTy  numerous  for  the  size  of  the  organ. 

Function. — The  function  of  the  suprarenal  bodies  is  still  very 


Fig.  153. — Cat.    One  drop  of  adrenalin  solution  and  ten  drops  of  I'per- 

cent  solution  of  nitroglycerin,  mixed  and  then  injected  per  jugular. 

The  adreDBlla  counleraeted  ibf  prewure-lowerlDS  by  the  nltroflycerlo. 

obscure.  The  discovery  that  a  relation  existed  between  the  bronzing 
of  the  skin  of  Addison's  disease  and  a  diseased  condition  of  the  Buprsr 
renals  was  a  signal-point.  It  was  learned  that  these  small  bodies  are 
indiapeDseble  to  life.  The  phenomena  ensuing  from  their  extirpa- 
tion are  due  to  a  chemical  alteration  of  the  blood,  and  not  to  trauma. 
The  ablation  of  one  capsule  ia  not  necessarily  mortal,  but  the  destruc- 
tion of  both  produces  death  very  quickly.     In  the  rabbit  death  follows 
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gUndfi.  The  nerves  are  derived  from  the  Bupraclavicular  and  the 
intercoetals.     No  Becretory  nerves  of  the  mammsB  exist. 

Each  gland-acintis,  or  vesicle,  consists  of  a  membrana  propria, 
surrounded  externally  with  a  network  of  branched  connective-tissae 
corpuscles.  Internally  there  is  a  somewhat  flattened  polyhedral  layer 
of  nucleated  secretory  cells.  The  size  of  the  lumen  of  the  adni  de- 
pends upon  the  secretory  activity  of  the  glands;  when  it  is  large  the 
vesicle  is  filled  with  milic  containing  numerous  refractive,  fatty 
granules. 

In  the  gland  of  a  woman  who  is  not  pregnant  or  snckling  the 
alevoli  are  very  small  and  solid.  They  are  filled  with  a  mass  of 
granular,  polyhedral  cells.  During  pregnancy  the  alveoli  enlarge, 
while  the  ceils  undergo  rapid  multiplication.     With  the  beginning  of 


Fig.  l&T. — Bog's  Mammary  Gland  in  First  Stage  of  Secretion. 
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lactation  the  cells  in  the  center  of  the  alveolus  undergo  fatty  degen- 
eration and  are  eliminated  in  the  first  milk  as  colostrum-corpuscles. 
The  lining  cells  of  the  alveolus  remain  to  form  a  single  layer  of 
granular,  short,  columnar  cells.  Each  possesses  a  spherical  nucleus, 
and  is  attached  to  the  limiting  membraoa  propria.  By  means  of 
metabolic  processes  within  the  protoplasm  of  the  cells  the  fats,  salts. 
milk-«ugar,  etc.,  are  formed.  During  glandular  activity,  instead  of 
one,  two  or  more  nuclei  are  seen;  the  well-formed  one  is  near  the 
baae,  the  other  nearer  the  free  end  of  the  cell.  Near  the  border  of 
the  oell  are  seen  numerous  oil-globules  and  granules.  Some  of  the 
la^er  oil-globules  are  seen  projecting  from  the  aurface  of  the  celt 
as  if  about  to  be  extruded  from  it. 

In  addition  to  this,  a  division  of  the  cell  itself  takes  place:  a 
parting  of  the  cell-substance  with  a  nucleus  in  it.  The  daughter- 
coll  thns  cast  off  passes  into  the  alveolus  to  form  a  part  of  the  milk. 
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qtUBtit;,  lowers  the  amount  of  caaein  and  better,  but  augmentB  the 
proportion  of  sugar  of  millc.  A  diet  rich  in  fats  does  not  augment 
the  quantity  of  butter,  but  if  kept  up  too  long  it  dimiaishea  it. 
Atropine  and  potassium  iodide  dry  up  the  milk  BecretioD;  antipyriD 
ia  said  to  have  a  similar  effect.  Jaborandi  increases  it.  Alcohol, 
frequently  given  in  the  shape  of  porter,  increases  the  secretion  of 
milk. 

THE  SWEAT-OLANDS. 

The  sweat-glands  are  the  organs 
which  furnish  the  means  for  the  elimina- 
tion of  a  large  portion  of  the  aqueous  and 
gaseous  materials  excreted  by  the  skin. 
They  are  found  in  almost  every  part  of  the 
integument,  being  particularly  numerous 
where  hairs  are  absent,  as  upon  the  palms 
and  soles.  Krause  found  the  smallest 
number  of  them  (400  for  each  square  inch) 
upon  the  back  and  buttocks;  the  greatest 
number  (2800  per  square  inch)  on  the  sur- 
face of  the  palm  of  the  hand  and  the  sole 
of  the  foot.  By  this  observer  it  was  cal- 
culated that  the  total  number  of  them  is 
2,400,000.  These  glands  may  become  hy- 
pertrophic (in  elephantiasis),  thereby  pro- 
ducing sudoriparous  tumors  upon  the 
cheek.     Atrophy  also  occurs. 

In  slnidure  the  sweat-glands  arc 
small,  lobular,  reddish  bodies.  Each  con- 
sists of  a  single,  convoluted  tube,  from 
which  mass  the  efferent  duct  proceeds  up- 
ward through  the  corium  and  cuticle.  It 
is  somewhat  dilated  at  its  extremity  and 
opens  upon  the  surface  of  the  cuticle  by 
an  oblique  valvelike  aperture.  The  effer- 
ent portion  of  the  duct  in  its  course  through  the  skin  presents  a 
corkscrew  arrangement  in  those  places  where  the  epidermis  is  thick. 

The  convoluted  or  coiled  portion  of  the  tube  is  the  place  where 
secretion  takes  place,  and  is  usually  known  as  the  stcretory  part  of 
the  sweat-apparatus.  Here  the  tube  is  lined  by  a  single  layer  of 
dear,  nucleated,  cylindrical  epitheliom.    Smooth  muscular  fibers  io 
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the  larger  glands  are  arranged  longitudinally  along  the  tuhe.  Be- 
yond the  mnscnlar  coat  is  the  basement-membrane;  so  that  the  dnct 
has  a  definite  outline  and  exists  as  an  entity  that  is  distinct  from 
the  surrounding  tissues. 

The  distal  portion  of  the  tube  serves  the  simple  purpose  of  a 
conduit  for  the  passage  of  the  sweat-secretion  to  the  skin  surface. 
It  contains  no  muscular  fibers  or  basement-membrane.  There  is, 
however,  a  distinct  lumen  surrounded  by  several  layers  of  cubical 
cells;  so  that  by  some  authorities  this  portion  of  the  apparatus  ia 
considered  to  be  but  an  opening  between  epidermal  cells. 

Glands  which  are  constantly  active,  as  are  the  sweat-glands, 
must  necessarily  require  a  very  liberal  blood-supply.  Each  coil  (the 
real  seat  of  secretion)  is  surrounded  by  a  network  of  capillaries, 
whose  arrangement  is  such  that  the  secretory  cells  are  easily  enabled 
to  obtain  the  watery  secretion  from  the  blood-stream. 

Herres. — A  plentiful  supply  of  nerve-fibers  in  the  form  of  a 
nerve-plexus  ends  in  the  glandular  substance.  That  the  secretion  of 
sweat  is  not  a  mere  filtration  that  varies  according  to  the  blood- 
pressure,  but  a  process  dependent  upon  a  direct  action  of  the  nerve 
upon  the  gland-cell,  has  been  demonstrated  by  Ott.  In  experiments 
upon  cats  certain  changes  were  produced  in  the  cell-protoplasm  by 
changes  in  the  activity  of  the  nerve. 

In  the  cat  the  sciatic  was  cut  and  the  animal  kept  until  the 
fifth  day.  At  this  time  the  pads  of  the  feet  were  excised,  placed  in 
absolute  alcohol,  and  when  hard  enough  were  cut  into  sections, 
stained  with  carmine  solution,  and  mounted  in  glycerin. 

In  another  cat  the  sciatic  was  exposed  and  the  nerve  feebly 
irritated  for  a  period  of  two  and  one-half  hours,  when  the  pads  of 
the  feet  were  treated  in  the  same  manner. 

Sections  of  the  pads  of  the  feet  of  each  cat  were  then  examined 
microscopically.  It  was  found  that  the  irritated  cells  were  smaller 
than  the  resting  cells,  that  their  protoplasmic  contents  were  more 
granular  and  more  highly  tinged  with  carmine  solution,  although 
left  in  it  the  same  length  of  time  as  the  resting  cell.  These  facts 
have  been  confirmed  by  Benaut  in  the  horse's  glands. 

Sweat  is  the  secretory  product  of  the  sudoriferous  glands.  It 
is  discharged  in  a  continuous  fashion  upon  the  surface  of  the  skin, 
there  to  be  gotten  rid  of  as  vapor.  As  long  as  the  secretion  is  small 
in  amount  it  is  evaporated  from  the  surface  at  once.  Because  of 
this  feature  it  is  termed  insensible  perspiration.  The  skin  is  supple, 
fresh,  and  without  any  appreciable  humidity. 
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Fig.  ISO.— Section  of  Rweat-glanda  of  Cat. 
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When,  however,  the  secretion  of  the  glands  is  increased  in  quan- 
tity or  its  evaporation  arrested,  drops  appear  upon  the  skin.  These 
drops  of  water  form  what  is  commonly  known  as  sweat.  During  this 
condition  the  skin  is  also  supple  and  soft,  but  is  humid.  There  often 
is,  in  fact,  a  visible  liquid. 

Sweat  is  a  more  or  less  transparent  liquid,  of  a  salty  flavor.  It 
is  constantly  acid  in  reaction  and  has  a  specific  gravity  of  1.004. 

The  acidity  is  due  to  acid  sodium  phosphate.  From  its  very 
ready  contamination,  it  is  impossible  to  obtain  sweat  in  a  )pure  state. 

The  relation  of  the  sensible  and  insensible  perspirations  varies 
considerably  with  the  temperature  of  the  air.  In  round  numbers, 
the  total  amount  of  sweat  secreted  by  a  man  is  two  pounds  in  twenty- 
four  hours. 

The  quantity  of  solid  components  of  sweat  is,  on  the  average, 
1.0  per  cent.  It  may  descend  to  0.8  per  cent,  when  there  is  an 
increase  in.  the  rapidity  of  the  secretion.  That  means  that  in  pro- 
fuse perspiration  it  is  the  water  which  acquires  the  predominance. 
However,  no  matter  what  the  celerity  of  the  perspiration,  there 
is  a  minimum  of  solid  components :  0.8  per  cent.  This  remains 
unchanged,  showing  that  the  sweat  is  a  primitive  secretion  in  char- 
acter. 

Sweat  contains  many  and  different  members  of  the  series  of  fat 
acids,  neutral  fats,  alkaline  sulphates  and  phosphates,  lactic  acid,  and 
urea.     Horse's  sweat  contains  albumin. 

The  different  strength  and  odor  peculiar  to  the  sweat  of  differ- 
ent animals  is  due  to  the  variety  and  abundance  of  the  volatile  fatty 
acids.  Of  these,  acetic,  formic,  and  butyric  prevail  in  general,  with 
capronic  and  caprillic.  To  their  prevalence  in  the  armpits  and  feet 
is  due  the  corresponding  intensity  of  odor. 

It  has  been  calculated  that  about  0.08  per  cent,  of  the  sweat  is 
urea.  It  may  be  increased  greatly  in  cholera,  by  reason  of  its  sup- 
pressed passage  through  the  kidneys.  There  is  often  observed  a 
crystalline  deposit  of  this  substance  upon  the  surface  of  the  body  in 
death  by  cholera. 

Carbonic  acid  and  traces  of  nitrogen  are  found  diffused  in  the 
sweat  and  so  eliminated  from  the  organism. 

Perspiration  is  especially  favored  by  the  elevation  of  the  body- 
temperature  ;  by  the  wateriness  of  the  blood ;  by  the  energetic  action 
of  the  vessels  of  the  heart ;  by  increase  of  pressure  in  the  cutaneous 
vessels,  as  during  muscular  exercise,  etc. 
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Drags. — Certain  drugs  favor  sweating.  Such  are  pilocarpine. 
Calabar  bean,  strychnine,  picrotoxine,  mnscarine,  nicotine,  camphor, 
and  the  ammonias.  Atropine,  and  morphine  in  large  doses,  diminisk 
the  secretion.  I  have  found  that  muscarine  and  pilocarpine  act  on 
the  peripheral  end  of  the  sudorific  nerves. 

Quinine,  iodine,  arsenic,  and  mercury,  when  introduced  into  the 
body,  reappear  in  the  sweat. 

Although  the  nerves  of  the  sweat-glands  are  not  anatomically 
separated  from  others,  yet  their  concurrence  in  the  secretion  is  evi- 
'dent.  In  cutting  the  cervical  sympathetic 'in  a  horse  there  is  pro- 
duced unilateral  sweating  (Dupuy).  According  to  the  increased 
intensity  with  which  the  cervical  sympathetic  is  galvanically  excited 
through  the  skin  of  man,  there  follows  a  lowered  or  increased  per- 
spiration of  the  corresponding  side  of  the  face.  These  facts,  to- 
gether with  the  known  dilatation  of  the  cutaneous  vessels  in  profuse 
perspiration,  show  the  influence  of  the  vasomotor  nerves. 

Ooltz  and  others  have  shown  that  by  exciting  the  nerve  of  a 
limb  the  perspiration  of  it  can  be  increased  through  the  action  of 
sudorific  nerve-fibers.  The  same  results  have  been  attained  even 
though  the  limb  has  been  previously  ampiitated  and  therefore  no 
longer  subject  to  circulation.  It  appears  that  the  vasomotor  and 
sudorific  nerve-fibers  run  in  the  nerves  by  themselves. 

Stimulating  in  man  a  motor  nerve, — such  as  the  tibial,  median, 
or  facial, — the  part  corresponding  to  the  active  muscles  would  per- 
spire, even  upon  the  side  not  excited.  Vulpian  and  Ott  have  made 
experiments  tending  to  prove  the  existence  of  inhibitory  fibers  of 
sweat. 

The  excretion  of  sweat  takes  place  through  vis  a  tergo,  aided  by 
^the  concurring  contraction  of  the  interlaced  muscular  fibers  in  the 
glandular  glomerules.  Besides,  a  kind  of  aspiration  is  exercised  at 
the  mouth  of  the  gland  by  the  evaporation  of  the  liquid  which  arrives 
there.  It  is  for  this  latter  reason  that  air  saturated  with  vapor 
slackens  perspiration,  especially  when  the  other  causes  of  transpira- 
tion do  not  act  very  strongly. 

In  the  normal  state  the  sweat  and  urine  vary  in  quantity  with 
the  season ;  in  the  spring  the  sweat  predominates  over  the  urine,  in 
winter  the  reverse  is  true.  There  is  an  inverse  relation  between  the 
sweat  and  intestinal  secretions.  There  is  a  very  noticeable  balancing 
between  the  sweats  and  diarrhoea  of  phthisis. 

By  varnishing  the  body  death  is  caused.  This  does  not  occur  by 
retention  of  poisonous  principles  in  the  hhod.    There  are  functional 
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and  allows  of  the  passage  of  the  vessels^  nerves,  and  ureter  to  and 
from  the  substance  of  the  kidney.  Just  within  the  hilus  is  a  dilated 
fossa  known  as  the  sinus^,  which  contains  the  renal  artery,  the  vein, 
and  the  pelvis  of  the  kidney.  The  relation  of  the  structures  passing 
in  and  out  of  the  hilus  from  before  backward  are:  vein  in  front, 
artery  in  the  middle,  and  the  duct,  or  ureter,  behind  and  toward  the 
lower  part.  By  keeping  in  mind  these  relations  one  will  be  able  to 
distinguish  the  right  from  the  left  kidney  after  their  removal  from 
the  body. 

In  the  funnel-shaped  cavity  of  the  renal  pelvis  is  the  ureter. 
Prom  the  kidney  it  passes  over  the  psoas  muscle,  converging  toward 
that  of  the  opposite  side  to  cross  the  external  iliac  artery  and  vein. 
It  opens  obliquely  into  the  base  of  the  urinary  bladder.  In  females 
the  ureter  embraces  the  neck  of  the  uterus.  The  ureters  have  an 
average  length  of  eighteen  inches  and  a  lumen  which  averages  that  of 
a  goose-quill.  Just  before  piercing  the  bladder-wall  the  lumen  of 
the  ureter  becomes  appreciably  smaller. 

The  urinary  bladder,  situated  between  the  symphysis  pubis  and 
the  rectum  in  man,  between  the  smphysis  and  the  uterus  in  woman, 
is  held  in  position  by  the  urachus  and  lateral  ligaments.  Its  base 
rests  upon  the  perineum  and  anterior  wall  of  the  rectum  in  man, 
upon  the  anterior  wall  of  the  vagina  in  woman.  From  the  base  of 
the  bladder  the  urethra  takes  its  origin. 

The  opening  for  the  latter  bears  such  a  relation  to  the  entrance 
into  the  bladder  of  the  two  ureters  that  there  is  formed  the  vesical 
triangle*  The  openings  for  the  ureters  are  about  sixty  millimeters 
apart. 

The  capacity  of  the  bladder  varies  with  its  extensibility,  so  that 
it  is  possible  for  the  viscus  to  be  so  distended  that  its  upper  border 
may  reach  the  umbilicus  or  even  the  epigastric  region.  Ordinarily 
the  capacity  in  both  sexes  is  about  a  pint. 

The  bladder  receives  its  blood-supply  from  the  branches  of  the 
anterior  trunk  of  the  internal  iliac.  The  lymphatic  vessels  communi- 
cate with  the  lumbar  ganglia.  The  nerves  are  derived  from  the  sym- 
pathetic, sacral,  and  probably  some  fibers  from  the  pneumogastric 
also. 

General  Strnotnre  of  the  Kidney. — Beneath  the  perirenal  fat  lies 
the  proper  tunic,  or  covering,  of  the  kidney,  commonly  called  the 
capsule.  In  health  it  is  a  smooth,  thin,  but  tough,  fibrous  covering, 
closely  adherent  to  the  organ,  but  from  which  it  can  be  readily 
stripped.    By  reason  of  this  separation,  however,  fine  connective- 
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Fig.  163. — Diagram  of  the  Course  of  Two  Uriniferous  Tubules. 

(Landois.) 

1.  Malpighlan  tuft  aurrounded  by  Bowman 'a  capsule.  2,  Ck>nstrictloii  on 
neck.  3.  Proximal  convoluted  tubule.  4,  Spiral  tubule.  5.  Descending  limb 
of  Henle's  loop-tube.  6.  Henle's  loop.  9.  Wavy  part  of  ascending  limb.  10. 
Irregular  tubule.  11.  Distal  convoluted  tubule.  12.  First  part  of  collecting 
tube.  13,  Straight  part  of  collecting  tube.  A,  Cortex.  B,  Boundary  sone.  C, 
Papillary  sone. 

of  smaller  size,  and  these  immediately  subdivide  into  from  eight  to 
twelve  infnndibula,  or  calyces,  from  their  resemblance  to  cups.  Into 
each  calyx  there  projects  the  point  or  extremity  of  a  renal  pyramid. 
The  blood-vessels  lie  within  the  sinus,  between  its  wall  and  the  exte- 


SECRETION.  439 

The  collecting  tubes,  as  they  run  toward  the  medulla  of  the  kid- 
ney, unite  with  other  distal  convoluted  tubules.  They  also  unite  at 
acute  angles  with  adjacent  collecting  tubes  finally  to  pass  to  the 
papills.  The  loops  of  Henle  and  the  collecting  tubes  constitute  the 
tvbuK  recti.  Each  uriniferous  tubule  is  thus  completely  isolated  as 
far  as  the  junction  of  the  distal  contorted  tubes  with  the  collect- 
ing tube. 

A  portion  of  the  loops  of  Henle  and  the  upper  part  of  the  col- 
lecting tubes  form  the  little  cones  in  the  cortex,  visible  to  the  eye 
and  known  as  the  pyramids  of  Ferrein. 

The  Malpighian  corpuscle  consists  of  a  spherical  plems  or  knot 
of  blood-vessels,  the  glomerulus^  which  is  inclosed  in  the  dilated  end 
of  the  urinary  tubule,  known  as  the  capsule  of  Bowman.  As  the 
capsule  has  been  infolded  by  the  glomerulus  being  pushed  into  it  (as 
one  would  infold  the  end  of  the  finger  of  a  glove  by  the  tip  of  one's 
fi^g6r)>  1*  follows  that  *  the  capsule  consists  of  two  layers.  The 
internal  one,  covering  the  glomerulus  closely,  is  formed  of  cubica 
ceHs,  while  the  external  one,  formed  of  flat,  polygonal  cells,  passes 
on  into  the  neck  and  thence  forms  the  wall  of  the  convoluted  tubule. 
The  cells  in  this  portion  of  the  tube  are  shaped  like  a  cone,  the 
narrow  end  being  directed  toward  the  lumen  of  the  vessel;  owing 
to  the  fiue,  longitudinal  lines  upon  each  cell,  it  has  a  rodlike  appear- 
ance: Todded  cell. 

The  Blood-vessels. — The  renal  artery  divides  at  the  hilus  into 
four  or  five  branches.  The  four  or  five  main  branches  continue  to 
divide  and  subdivide  and  so  pass  into  the  parenchyma  of  the  organ. 
They  course  between  the  papillae  to  run  up  to  the  boundary  between 
the  medulla  and  cortex.  Here  the  vessels  bend  at  right  angles  to 
form  a  series  of  loops  or  arches,  their  convexity  toward  the  cortex 
of  the  kidney.  From  the  convex  sides  of  the  arches  there  spring 
vessels  at  regular  intervals  termed  interlobulary  or  radiate,  arteries. 
They  sometimes  run  up  so  as  to  divide  the  cortex  into  small  lobules, 
coursing  singly  between  each  two  medullary  rays.  These  radiate 
arteries  give  off  numerous  small  branches  which  run  at  right  angles, 
each  one  entering  a  Malpighian  corpuscle.  It  is  usual  for  the  point 
of  entrance  of  the  artery  to  be  diametrically  opposite  the  point  of 
origin  of  the  urinary  tubule.  These  last-named  vessels,  the  vasa 
affereniia,  break  up  into  very  fine  vessels  within  the  capsule  to  con- 
stitute the  glomerulus.  They  are  supported  by  connective  tissue, 
and  form  a  veritable  tuft  of  capillary  vessels.  It  is  of  interest  to 
note  that  each  glomerulus  is  covered  by  a  single  layer  of  flat^ 
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nudeatod^  epithelial  oells^  these  even  dipping  down  between  the 
capillaries. 

From  the  center  of  the  glomerulus  there  proceeds  a  vessel  tiut 
is  somewhat  smaller  than  the  afferent  vessel^  known  as  the  effenni 
vessel;  it  is  a  vein^  and  leaves  the  capsule  very  close  to  the  point 
of  entrance  of  the  vas  afferens. 

The  efferent  vessel  also  divides  to  form  a  secondary  capillary 
network,  the  renal  portal  system,  with  elongated  meshes  in  the  situa- 
tion of  the  pyramids  of  Ferrein;  from  this  plexus  arise  the  inter- 
lobular veins  which  run  parallel  to  the  interlobular  arteries. 

The  medulla  of  the  kidney  receives  its  arterial  supply  from  the 
artericB  rectos;  these  latter  are  vessels  which  spring  either  from  the 
arterial  arches  or  from  the  interlobular  arteries.  According  to  some 
authors,  they  n[iay  be  derived  from  the  afferent  vessels  of  the  deepest 
and  largest  glomeruli.  Within  the  pyramids  the  arteri»  rect© 
divide  and  subdivide  to  form  a  plexus  of  capillaries  which  eventually 
merge  into  the  vence  redce,  to  empty  into  the  venous  trunks  at  the 
boundary  between  the  medulla  and  cortex. 

The  renal  veins  arise  from  three  sources:  (1)  the  venous  plexus 
beneath  the  capsule,  (2)  the  plexus  around  the  tubuli  contorti,  and 
(3)  the  plexus  located  near  the  apices  of  the  pyramids.  Within  the 
sinus  the  larger  branches  from  these  plexuses  inosculate  to  form  the 
renal  veins,  which  pass  through  the  hilus  to  empty  into  the  inferior 
vena  cava. 

The  vasa  recta  circulation  is  of  prime  importance  in  that  it 
forms  a  sidestream  through  which  much  blood  may  pass  without 
being  compelled  to  traverse  the  glomerulus.  It  is  very  apparent 
that  this  circulation  is  highly  useful  in  conditions  of  kidney  conges- 
tion as  a  sidestream. 

Three  kinds  of  capillaries  are  found  within  the  kidney:  (1) 
glomeruhr,  (2)  efferent  capillaries,  and  (3)  capillaries  of  the  vasct 
recicp.     The  kidney,  for  its  size,  is  abundantly  supplied  with  blood. 

Lymphatics. — The  kidneys  are  richly  supplied  with  lymphatics, 
occurring  as  slits.  The  renal  lymphatics  terminate  in  the  lumbar 
lymphatic  glands. 

Nerves. — The  nerves  of  the  kidney  accompany  its  blood-vessels, 
ganglionic  plexuses  being  numerous.  They  are  from  the  renal 
plexus,  coming  originally  from  the  solar  plexus. 
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Physical  Properties  and  Chemical  Composition  of  the  Urine. 

The  analytical  study  of  the  urine  is  of  great  value  to  the  physi- 
cian and  surgeon  because  of  the  knowledge  which  it  gives  concern- 
ing the  processes  of  metabolism  occurring  within  the  body.  The 
nature  and  amount  of  the  various  end-products  of  metabolism  are 
carefully  investigated  as  they  occur  in  the  urine,  whether  they  be 
normal  or  pathological.  From  these  investigations  corresponding 
conclusions  are  drawn. 

Neutral  substances  are,  normally,  either  absent  or  present  in 
but  minutest  quantities.  All  of  the  important  and  more  abundant 
constituents  of  normal  urine  are  either  basic  or  acid  in  reaction. 
These  bases  and  acids  must,  therefore,  enter  into  various  combina^ 
tions,  making  the  urine  a  solution  of  salts.  The  quantity  of  separate 
ingredients  found  analytically  might  lead  the  observer  to  consider 
the  metabolic  processes  as  pathological,  yet  in  solution  perfectly  nor- 
mal compounds  are  formed  by  these  same  components.  The  error 
is  due  to  the  inability  to  study  the  properties  of  the  urine  as  a  com- 
plex unit:  the  effects  certain  components  have  on  others,  their 
avidity  for  one  another,  and  the  consequent  equilibrium  established. 

The  UriEe. — The  normal  human  urine,  recently  passed,  is  a  clear 
liquid  of  a  straw  color.  It  has  an  average  specific  gravity  of  1.020, 
is  of  aromatic  odor,  and  a  salty  bitter  flavor.  In  reaction  it  is  acid; 
only  in  pathological  conditions  does  it  become  neutral  or  alkaline. 

Seceding  from  the  temperature  of  about  100**  F.,  which  is  pro- 
per to  it  in  the  act  of  passing,  it  loses  its  aromatic  odor  and  acquires 
a  peculiar  odor,  described  as  urinous.  In  healthy  persons  it  has 
been  seen  to  be  phosphorescent  during  micturition,  probably  from 
the  liberation  of  phosphorus  by  its  salts.  In  cooling,  urine  becomes 
turbid,  with  a  small  cloud  suspended  in  the  thickness  of  the  liquid, 
formed  from  the  epithelium  of  the  uriniferous  tubules.  It  leaves, 
besides,  especially  if  very  much  colored,  sediments  of  different 
appearance,  according  to  the  varying  composition. 

The  quantity  of  urine  secreted  by  the  kidneys  of  a  healthy  adult 
man  in  twenty-four  hours  ranges  from  1200  to  1700  cubic  centi- 
meters, or  about  50  ounces ;  in  females  the  quantity  is  less.  During 
sleep  the  amount  secreted  is  less  than  at  other  times,  so  that  the 
minimum  secretion  is  placed  between  2  and  4  a.  m.  and  the  maximum 
from  2  to  4  p.  H. 

While  the  average  daily  secretion  is  placed  at  50  ounces,  yet  it 
must  be  borne  in  mind  that  this  quantity  is  not  fixed,  but  may  be 
very  variable,  dependent  upon  nmnerous  conditions. 
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The  amount  of  urine  is  diminished  by  reason  of  profuse  sweat- 
ing, extensive  diarrhoea,  thirst,  diminution  in  blood-pressure,  after 
severe  haemorrhage,  and  in  some  forms  of  kidney  disease. 

Increase  in  urinary  secretion  (polyuria)  is  produced  by  an  in- 
crease in  blood-pressure,  by  imbibing  excessive  draughts  of  liquids, 
by  any  condition  whereby  the  cutaneous  blood-supply  is  diminished 
(cold  will  do  this).  Polyuria  is  likewise  produced  by  the  administra- 
tion of  drugs  which  raise  arterial  tension,  as  digitalis  and  alcohol, 
and  by  caffeine  and  sparteine,  which  stimulate  the  renal  cells. 

The  influence  of  the  nervous  system  upon  the  secretion  of  urine 
is  very  beautifully  demonstrated  by  cases  of  hysteria.  Hysterical 
patients  void  excessive  amounts  of  a  very  pale,  watery  urine. 

The  specific  gravity,  as  previously  stated,  averages  1.020;  that 
is,  the  mean  between  1.015  and  1.025.  The  specific  gravity  varies 
inversely  to  the  quantity  excreted.  When  for  any  reason,  not  patho- 
logical, there  is  polyuria,  the  mark  drops  proportionately,  register- 
ing as  low  as  1.00^  As  a  result  of  profuse  sweating  and  abstinence 
from  liquids,  the  mark  ifiay  reach  1.035  in  healthy  individuals. 

Acidity. — The  acidity  of  the  urine  is  chiefly  due  to  acid  phos- 
phate of  sodium.  There  are  two  tides  in  the  acidity  of  the  urine. 
During  digestion  the  formation  of  the  hydrochloric  acid  in  the 
stomach  frees  certain  bases  in  the  blood,  which,  when  excreted, 
diminish  the  acid  reaction  of  the  urine.  This  is  called  the  alkaline 
tide.  The  acid  tide  is  after  a  fast,  and  hence  occurs  early  in  the 
morning. 

Ordinarily  it  should  be  remembered,  when  taking  the  specific 
gravity  of  urine,  that  anything  below  1.010  should  at  once  excite 
suspicion  of  polyuria,  with  probably  albumin;  when  above  1.030, 
diabetes  mellitus  or  some  febrile  condition  may  be  present. 

The  urinomeier  is  the  instrument  used  to  ascertain  the  density 
of  any  given  sample  of  urine,  and  is  so  graduated  that,  when  floating 
in  distilled  water,  it  registers  0  degrees,  by  which  is  meant  lOOO. 
The  urine  is  placed  in  a  tall,  cylindrical  glass  of  proper  width  so 
that  the  urinometer  will  not  adhere  to  its  sides.     After  cessation  of 
the  oscillations  of  the  instrument,  the  observer  carefully  sights  along 
the  surface  of  the  urine  to  note  the  number  registered.     This  pre- 
caution is  taken  because  the  capillarity  along  the  stem  of  the  instru- 
ment causes  the  urine  to  rise. 

The  urine  is  composed  of  waier  in  the  average  proportion  of  96 
per  cent.,  and  of  substances  dissolved  in  it  in  the  proportion  of  4 
per  cent. 
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oxalate,  and  crystallizes  into  flat  or  prismatic  bodies.  Both  types 
of  crystals  may  very  readily  be  demonstrated  by  placing  crystah  of 
urea  beneath  cover-glasses  and  allowing  drops  of  nitric  and  oxalic 
acidSy  respectively,  to  flow  beneath  the  cover-glasses.  After  some 
little  time  crystals  of  the  respective  types  will  be  seen  to  form. 
Besides  being  free,  urea  is  found  combined  in  the  urine  with  sodium 
chloride. 

Decomposition  op  Urea. — When  urea  is  heated,  vapon  of 
ammonia  are  evolved.  Urine  is  also  subject  to  an  aUcaJine  ferrmk- 
tion,  due  to  the  micrococcus  ureae.  This  generally  follows  the  acid 
fermentation,  but  may  take  place  without  it,  in  the  bladder  as  well 
as  outside.  This  fermentation  is  accomplished  by  decomposition  of 
the  urea  into  carbonate  of  ammonia.  By  virtue  of  this  the  urine  is 
strongly  darkened,  becomes  alkaline,  putrescent,  and  forms  a  film  of 
bacteria  on  its  surface.     Urinals  always  have  an  ammoniacal  odor. 


Fig.   168. — ^Micrococcus  Ureie.     X  500.     (After  VON  Jaksch.) 

Hypobromite  of  soda  decomposes  urea  as  follows: — 


CO 


<! 


NH,  +  3NaBrO  =  CO,  +  N,  +  2H,0  +  3NaBr 
NH, 

Uitft.  Sodium  CarboBio.     Nitrogra.  SMhn 

hjpoteomito.  Mid. 


Upon  this  reaction  depends  an  estimation  of  the  amount  of  urea 
present  in  a  sample  of  urine.  The  calculation  is  made  in  units  of 
nitrogen-gas,  which  gas  rises  in  small  bubbles  to  be  collected  and 
measured. 

The  constituents  of  urine  are  not  actually  formed  in  the  kidney 
itself,  as  bile  is  formed  in  the  liver,  but  are  formed  elsewhere.  The 
kidney  is  simply  the  place  where  the  constituents  are  picked  out  from 
the  blood  and  eliminated  from  the  body. 

Muscular  exercise  has  but  a  slight  effect  on  the  amount  of  urea 
excreted ;  this  is  in  striking  contrast  to  the  quantity  of  carbonic  acid 
that  accompanies  muscular  exertion  to  find  exit  in  the  expired  air. 
Muscle-work  falls  upon  the  carbon  rather  than  upon  the  nitrogen  of 
the  muscle-substance. 

Quantity  of  Urea. — The  quantity  of  urea  excreted  daily 
varies,  but  may  be  averaged  as  500  grains.     According  to  Tschlenoff, 
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after  a  meal  rich  in  proteids,  which  stimulate  proteid  metabolism^ 
there  are  two  maxima  in  its  excretion.  The  first  takes  place  at  the 
third  or  fourth  hour  and  the  second  at  the  sixth  or  seventh  hour. 
The  urea  comes  from  proteid  metabolism,  and  from  the  food.  Labor 
greatly  increases  the  exhalation  of  carbonic  acid,  but  does  not  affect 
to  any  great  extent  the  excretion  of  urea. 

FoBMATiox  OF  Urea. — The  chief  source  of  urea  is  from  the 
metabolism  of  the  muscles.  The  ingestion  of  a  large  amount  of  pro- 
teid food  stimulates  metabolism.  Muscles  contain  in  their  mass  over 
70  grams  of  creatin,  while  the  amount  of  creatin  excreted  is  only 
about  1  gram.  Urine  contains  about  30  grams  of  urea  and  muscles 
only  a  trace.  But  all  experiments  to  prove  an  actual  relation 
between  creatin  and  urea  have  been  failures. 

The  other  alloxuric  bodies — xanthin,  hypoxanthin^  and  uric  acid 
— are  also  to  be  regarded.  They  are  members  of  a  group  of  bodies 
having  as  their  base  of  formation  the  so-called  purin-ring  which  con- 
sists of  two  urea  radicles  linked  together  by  a  central  chain  of  car- 
bon atoms.     They  are  probably  split  up  in  part  into  urea. 

I  have  already  alltided  to  arginin  as  a  source  of  urea.  All  the 
proteids  are  probably  split  up  into  bodies  which  form  ammonia. 
Now,  when  we  give  by  the  mouth  ammonia  salts  we  find  an  increase 
of  urea.  Further,  when  ammonia  salts  are  perfused  through  the 
liver  we  find  that  urea  is  generated.  This  leads  us  to  believe  that 
the  liver  is  the  chief  manufactory  of  urea. 

In  Eck^s  fistula,  when  an  artificial  communication  has  been 
made  between  the  portal  vein  and  the  inferior  vena  cava,  the  portal 
vein  may  be  tied  and  the  animal  lives.  After  the  Eck  fistula  the 
portal  blood  does  not  go  to  the  liver,  but  goes  to  the  vena  cava.  The 
hepatic  artery  is  still  sufficient  to  nourish  the  liver  after  Eck's  fistula. 

The  diversion  of  the  portal  blood  to  the  vena  cava  markedly 
diminishes  the  quantity  of  urea,  whilst  the  ammonium  salts  in  the 
urine  are  increased.  This  experiment  supports  the  view  that  urea 
is  formed  in  the  liver  from  ammonium  carbonate.  In  digestion  I 
have  alluded  to  arginin  being  converted  into  urea  in  the  liver  by 
the  ferment,  arginase. 

Yon  Nencki  has  shown  that  the  portal  vein  contains  three  to 
four  times  more  ammonia  salts  than  the  hepatic  vein  or  the  hepatic 
artery.  The  ammonia  comes  from  the  breaking  up  of  the  proteids 
by  trypsin  into  peptones,  which,  in  turn,  are  broken  up  by  erepsin 
into  the  amido-acids  and  ammonia. 

The  amido-acids  are  absorbed  as  such,  and  carried  by  the  blood 
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to  the  tissues.  The  amido-acids  not  used  in  tiBaae>biiilding  biTt 
their  nitrogen  split  off  rapidly  without  loss  of  energy  and  converted 
into  urea,  whilBt  the  carbon  residue  is  retained  and  utilized  for  tk 
production  of  energy  in  place  of  an  equivalent  energy  value  of  fii 
or  carbohydrate.  This  decomposition  takes  place  without  that  pr^ 
limiuary  conversion  of  the  food  proteid  into  tissue,  contrary  to  tin 
usual  prevalent  view  of  Pflueger.     (Abderhalden.) 

It  is  not  known  how  much  urea  is  formed  in  the  liver,  but  it  is 
not  far  from  half  the  amount  of  urea  excreted.     The  intracellultt 


ferments,  which  exist  in  nearly  all  the  tissues,  break  up  the  proteins 
of  lymph  into  animoniii,  which  is  also  converted  into  urea  by  tk 
liver  and  by  other  tissues  at  present  not  known. 

Iluring  sleep  the  amount  of  urea  excreted  remains  nearly  the 
same  as  when  awake,  but  there  is  a  diminution  of  carbonic  acid 
exhaled  and  of  oxygen  inhaled.  These  results  are  due  to  muscular 
quietude. 

Uric  Acid  (CjH^NjOs). — This  constituent  is  scarce  in  human 
urine,  hardly  reaching  0.03  per  cent,  of  its  component  solids.  Next 
to  urea,  if  is  the  product  of  excretion  richest  in  nitrogen.     It  is  very 
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preponderant  and  perhaps  altogether  the  chief  excretion  in  birds, 
reptiles,  and  insects. 

Uric  acid,  or  lithic  acid,  is  colorlesB,  inodorous,  and  insipid;  it 
usually  crystallizes  in  whetstone  crystals,  which  have  for  a  funda- 
mental type  the  vertical  rhombic  prism.  It  is  insoluble  in  alcohol 
and  ether,  only  very  slightly  soluble  in  water.  The  rhombic  crystals 
are  characteristic  of  uric  acid. 

If  HCl  bo  added  to  urine,  there  will  be  deposited  on  the  bottom 
of  the  vessel  after  several  hours  a  deposit  resembling  Cayenne 
pepper.  Uric  acid  occurs  in  the  urine  as  acid  sodium  urate.  The 
HCl  decomposes  the  urates,  setting  free  the  acid,  which  does  not 
crystallize  at  once,  by  reason  of  the  presence  of  phosphates.     Accord- 


X 

Uvic  Acid. 

Rg.  170— Uric  Acid,  Effect  of  on  Intestinal  PeriatalHis. 

ing  to  Liebig,  it  is  especially  by  the  phosphates  that  the  acid  is  dis- 
solved, under  the  form  of  urate. 

Uric  acid  is  dibasic,  so  that  there  are  two  classes  of  urates :  the 
normal  urates  and  the  acid  urates.  The  amorphous  urates  are  quad- 
riurates;  acid  urates  are  crystalline. 

Uric  acid  is  trioxy-purin.  The  purin  bases  are  hypoianthin, 
xanthin,  adenin,  guanin,  and  uric  acid.  All  these  bodies  are  derived 
from  a  substance  called  purin. 

The  elimination  of  nitrogen  in  the  urine  can  be  augmented  by 
the  food.  Thus,  nuclein  (of  which  the  thymus  contains  a  large 
amount),  coffee,  cocoa,  and  meat  (veal  and  ham  especially),  and  beer 
are  rich  in  purins.  The  bodies  poor  in  purlns  are  milk,  potatoes, 
white  bread,  rice,  eggs,  salads  and  cabbage. 

Formation  of  the  Uric  Acid. — It  is  a  result  in  part  of  the 
breaking  up  of  the  nuclein  of  cells,  forming  xanthin,  which  by  xantbin- 
oxidase  is  changed  into  uric  acid. 
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excessive^  it  very  frequently  happens  that  the  acid  is  deposited  in 
the  form  of  urinary  calculi  and  gravel. 

To  increase  the  excretion  of  liric  acid,  the  best  means  is  to 
increase  the  secretion  of  urine  by  copious  draughts  of  water. 

MuREXiDE  Test. — Slowly  and  gently  heat  some  urine  and  nitric 
acid  in  a  porcelain  dish  to  the  point  of  dryness.  Decomposition 
takes  place,  the  color  changing  to  yellow,  and  N  and  COj  are  given 
off.  After  allowing  the  yellow  stain  to  cool,  add  a  drop  of  dilute 
ammonia-water  to  it,  when  there  will  be  formed  with  the  uric  acid 
a  purplish-red  color  of  murexide.  On  the  addition  of  caustic  potash 
the  color  becomes  a  marked  blue. 

Hippnric  Acid  (CbH^NOj),  which,  in  the  herbivora,  is  the  prin- 
cipal representative  of  nitrogenized  regression,  is  scarce  in  human 
urine.  In  the  latter  it  appears  chiefly  after  the  use  of  some  fruits, 
such  as  apples,  plums,  and  grapes. 

Hippuric  acid  is  the  product  of  the  coupling  of  glycoein  with 
benzoic  acid.  It  may  also  be  fonned  in  the  kidney  itself.  It  is 
monobasic,  very  slightly  soluble  in  cold  water  and  ether,  and  readily 
soluble  in  warm  water  and  alcohol.  It  crystallizes  in  vertical  rhom- 
bic prisms,  is  of  a  bitterish  flavor,  and  is  acid  in  reaction.  When 
decomposed  by  heating  with  acids  and  alkalies,  or  when  transformed 
by  animal  ferments,  hippuric  acid  resolves  itself  into  its  components: 
benzoic  acid  and  glycoein.  Ingested  benzoic  acid  and  oil  of  bitter 
almonds  are  eliminated  with  the  urine  as  hippuric  acid. 

Some  of  the  hippuric  acid,  at  least,  is  the  product  of  the  activity 
of  the  secreting  cells  of  the  renal  tvbules,  as  is  demonstrated  by  per- 
fusing. If  arterial  blood  containing  benzoic  acid  and  glycoein  be 
forced  through  the  blood-vessels  of  a  freshly  excised  kidney,  hip- 
puric acid  will  be  found  in  the  perfused  blood. 

The  food  of  herbivora  seems  to  be  an  important  factor  in  the 
manufacture  of  hippuric  acid.  When  fed  upon  grain  without  the 
husk,  hippuric  acid  is  absent.  Crystals  of  hippuric  acid  can  be 
readily  precipitated  from  the  fresh  urine  of  horses  and  cows. 

Laotio  Add  is  a  constant  component  of  the  urine.  Its  quantity 
is  increased  when  it  abounds  in  the  blood  from  deficiency  of  oxida- 
tion, or  from  free  derivation  from  the  aliments,  or  from  gastric  fer- 
mentations. 

Oxalic  Acid  is  an  inconstant  component ;  it  occurs  with  calcium 
in  the  crystalline  form  of  octahedrons.  The  crystals  are  insoluble 
in  acetic  acid,  but  are  readily  dissolved  by  hydrochloric  and  nitric 
acids.    The  "envelope^'-shaped  crystals  are  very  characteristic. 

39 
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Oxalic  acid  appears  to  be  derived  from  outside  the  economy, 
mainly  from  the  ingestion  of  vegetable  foods,  as  sorrel,  lemons,  rhu- 
barb, etc.     It  may  also  result  from  incomplete  oxidative  processes. 

Creatinin  occurs  iu  the  urine  in  the  average  daily  amount  of  0.9 
gram.  Its  sources  are  believed  to  be:  (1)  the  creatin  of  muscles 
formed  by  the  subtraction  of  a  molecule  of  water  and  (2)  flesh  foods. 
If  creatin  be  fed  to  animals  it  appears  as  creatinin  in  the  urine; 
however,  if  it  be  injected  intravenously  it  appears  in  the  urine  as 
creatin;  so  that  it  is  very  improbable  that  the  kidneys  are  con- 
cerned in  its  manufacture. 

Next  to  urea,  it  is  the  most  important  nitrogenous  body  in  the 
urine.     The  absolute  quantity  of  creatinin  eliminated  in  the  urine  on 
a  meat-free  diet  is  a  con- 
stant quantity,   different 
for  different   individuals 
but   wholly    independent 
of  quantitative  changes  in 
the  total  amount  of  nitro- 
gen eliminated.  The  chief 
factor    determining    the 
amount  of  creatinin  is  the 
weight  of  the  body  and 
Fig.  172. — Effect  of  Xanthin  on  Muscle  Curve,    amount  of  fat  it  contains. 
Caueinff  an  Extra  Contraction  during  the  n-^^^i-^i-^  ;»  t-k^  «nj 

Relaxa^on.    <J.  F.  Ulmab.)  *  Creatmin  is  the  end- 

product  of  metabolism  of 
muscle  albumin.  Creatinin,  like  uric  acid,  has  an  exogenous  and 
endogenous  origin,  according  to  Folin.  Creatinin  is  increased  in  fever, 
Creatinin  is  a  measure  of  the  physiological  catabolism  of  muscular 
tissue.  Xanthin,  hypoxanthin,  leucin  and  tyrosin,  and  traces  of  allan- 
toin  are  sometimes  formed  in  the  urine,  where  they  represent  nitro- 
genized  basea  of  albuminoid  retrogression. 

Ammonia. — The  urine  always  contains  a  small  amount  of 
ammonia,  on  an  average  about  half  a  gram.  If  you  give  carbonate  of 
ammonia  by  the  mouth  it  increases  the  urea,  but  not  the  ammonia  in 
the  urine.  If,  however,  a  more  stable  ammonia  compound  is  given,  as 
ammonium  chloride  or  benzoate,  then  it  is  not  converted  into  urea,  but 
is  excreted  as  chloride  or  benzoate  or  ammonium.  The  previous  trans- 
formation of  ammonia  salts  into  a  carbonate  is  a  necessary  condition 
for  the  ammonia  to  be  converted  into  urea. 

The  body  defends  itself  normally  against  the  acids  generated 
within  it  by  proteid  metabolism,  by  the  anunonia  which  it  produces. 
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sodium  urates,  which  it  colors  red  to  form  the  popularly  known 
"brickdust^'  sediment.  Normally,  it  occurs  in  but  small  quantities, 
but  by  reason  of  its  strong  coloring  properties  is  intimately  con- 
cerned in  the  coloring  of  the  urine. 

Three  properties  are  characteristic  of  uroerythrin:  (1)  its 
remarkable  affinity  for  uric-acid  compounds,  (2)  the  ease  with  which 
its  solutions  are  decolorized  by  light,  and  (3)  its  color-reactions  with 
caustic  alkalies  and  mineral  acids. 

H^HATOPORPHYBIN  ezlsts  in  but  very  small  amounts  in  the 
urine  normally;  pathologically  and  after  the  ingestion  of  certain 
drugs,  as  sulphonal,  it  may  be  greatly  increased. 

Indican,  or  Indoxyl. — This  is  another  pigment  which  colors 
the  urine  intensely  yellow.  It  is  an  indigo  substance  represented 
by  a  dense,  yellow-brown  acid,  nauseatingly  bitter  and  very  soluble 
in  water,  alcohol,  and  ether. 

Indican  is  derived  from  indole  which  is  formed  in  the  intestines 
as  a  product  of  putrid  decomposition  of  the  pancreo-peptones.  It 
is  in  direct  relation  to  the  quantity  of  bacterial  putrefaction  of 
albumins.  Indican  is  really  a  conjugated  indoxyl  sulphate  of 
potassium. 

Test. — When  urine  is  mixed  with  an  equal  bulk  of  strong  HCl, 
indoxyl  is  liberated  from  the  sulphate.  A  solution  of  hypochlorite 
is  now  added,  drop  by  drop,  when  indigo-blue  will  be  formed  by 
oxidation  of  the  indoxyl.  Upon  the  addition  of  chloroform  the  blue 
matter  is  precipitated,  forming  a  layer  at  the  bottom  of  the  liquid. 

Pathological  Pigments. — ^Blood-pioments. — ^Blood  in  the  urine 
(hematuria)  may  result  from  injury  or  disease  anywhere  along  the 
urinary  tract. '  In  this  urine  the  red  blood-corpuscles  are  found  in 
the  deposit.  An  idea  as  to  the  probable  source  of  the  haemorrhage 
may  be  gotten  by  careful  analysis.  Thus,  blood  from  the  huiney  is 
usually  small  in  amount,  gives  urine  a  '^smoky^'  appearance,  and  is 
well  mixed.  Large  coagula  are  never  found  in  this  urine.  In 
hsemorrhage  from  the  ureter  it  is  conmion  to  find  long,  wormlike 
coagula.  Bladder  hsemorrhage  is  known  by  its  numerous  clots  and 
shriteled-up  leucocytes.  If  the  urine  be  alkaline,  crystals  of  triple 
phosphate  will  likely  be  found. 

In  hamoglobinuria,  the  pigments  exist  in  solution,  no  corpuscles 
being  found.  It  is  caused  by  the  excretion  of  haemoglobin  by  the 
kidneys  when  it  exists  as  a  free  body  in  the  blood-stream.  Free 
haemoglobin  is  due  to  active  haemocytolysis,  which  is  produced  by  the 
injection  of  foreign  blood,  severe  burns,  etc. 
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there  is  diminution  in  pregnancy  by  reason  of  deposition  of  phos- 
phate within  the  foetal  bones. 

The  Sulphuric  Acid  is  derived  from  the  liberation  and  oxida^ 
tion  of  tissue  sulphur.  Sulphuric  acid  occurs  in  the  urine  in  com- 
bination with  alkalies,  principally  sodium  and  potassium.  The  sul- 
phur introduced  into  the  system  medically  finds  egress  mainly  in  the 
faeces^  as  it  does  not  easily  pass  into  the  blood.  From  this  it  is 
inferred  that  the  sulphur  eliminated  is  derived  especially  from  the 
transformation  of  the  tissue-proteids.  It  runs  parallel  with  urea 
excretion.  The  daily  quantity  of  sulphates  excreted  is  3  grams. 
Proteid  contains  1  per  cent,  of  sulphur  and  16  per  cent,  of  nitrogen. 

The  aromatic  or  conjugated  sulphates  form  one-tenth  of  the 
total  sulphates,  and  arise  from  bacterial  putrefaction  within  the 
intestinal  canal,  in  intestinal  obstruction,  typhoid  fever,  etc.  The 
chief  aromatic  (ethereal)  sulphates  are  phenol  sulphate  of  potassium 
and  indoxyl  sulphate  of  potassium. 

Carbonic  Acid  in  a  state  of  combination  is  scarce  in  the  urine 
and  only  increases  there  after  the  use  of  alkaline  carbonates  and  of 
vegetable  acids,  which  latter  are  transformed  into  carbonic  acid  by 
oxidation. 

To  sum  up  in  an  approximate  average  the  very  variable  propor- 
tions of  the  principal,  normal  constituents  of  the  urine,  it  may  be 
said  that  with  a  mixed  diet  and  moderate  bodily  movement  there  are 
in  every  100  cubic  centimeters  of  daily  urine: — 

Water 96.00  grams. 

Solid  components 4.00  " 

Urea  2.30  " 

Uric  acid 0.03  " 

Sodium  chloride  0.80  " 

Phosphoric  acid  0.15 

Sulphuric  acid   0.20 

Earthy  phosphates    0.08 

Ammonia  0.04  " 

Fermentation  of  Urine. — We  have  seen  that  the  reaction  of 
urine  is  generally  acid;  but  it  can  become  alkaline,  even  in  the 
physiological  state,  from  abundant  ingestion  of  alkalies,  or  of  salts 
with  organic  acid.  The  intensity  of  the  acid  or  alkaline  reaction  of 
urine  must  necessarily  vary,  not  only  with  the  proportion  of  the 
components  that  determine  it,  but  also  with  the  degree  of  dilution. 

The  acidity  of  the  urine  may,  however,  be  further  increased  by 
ft  process  of  acid  fermentation  due  to  bacteria,  in  the  presence,  per- 
haps, of  vesical  mucus.     This  fermentation  may  take  place  outside 
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of  the  bladder  as  well,  for  we  see  that  the  acidity  of  the  urine  con- 
tinues to  increase  from  the  time  of  emisaioii. 

The  process  of  acid  fermentation  is  finally  accompanied  with 
development  of  a  mycelium  whose  spore  is  smaller  than  that  of  a 
tomla.  It  appears  that  with  the  initiation  of  this  process  the  urine 
absorbs  oxygen  much  more  actively  (Pasteur), 

The  urine  is  also  subject  to  an  aUcalint  fermentation  due  to  an 
enzyme,  urease,  of  the  micrococcus  uresi.  It  generally  follows  the 
acid  fermentation,  but  may  occur  without  it,  in  the  bladder  as  well 
as  outside.  The  urine,  after  prolonged  exposure,  especially  in  a 
warm  atmoephere,  has  been  found  to  become  neutral  and  then  grad- 


Fig.  174. — CiTatals  at  Ammonio-roagnesium  Phosphate.     (After 
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ually  alkaline.  This  fermentation  is  accompanied  with  decomposi- 
tion of  the  urea  into  ammonium  carbonate,  by  which  the  urine  \* 
strongly  darkened  and  becomes  alkaline  and  of  a  strong,  putrid, 
ammonical  odor. 

In  disease  of  the  urinary  apparatus,  and  especially  in  vesical 
inflammation  and  catarrhs,  the  process  of  ammoniacal  fermentation 
is  already  advanced  in  the  urine  at  the  time  of  its  passage.  In  this 
case,  epithelial  mncus  and  purulent  elements  aid  in  making  it  turbid. 

On  the  basis  of  the  preponderance  of  one  group  of  combinations 
over  another,  they  are  divided  into  urt'c,  oxalic,  and  phosphoric  8edi~ 
mtnts. 
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Ezeeptional  or  Fathologioal  Cromponents. — ^Besides  the  ordinary 
ooDBtituents  of  the  urine,  there  may  at  times  be  found  in  it  excep- 
tional ones  of  pathological  significance. 

Albumin. — ^Albumin,  and  more  properly  albumin  of  blood-serum, 
is  an  abnormal  component  of  the  urine  which  has  great  importance 
for  the  physician.  Its  presence  in  this  secretion  gives  the  clinical 
condition  commonly  termed  albuminuria.  Its  presence  is  due  to  a 
great  number  and  variety  of  causes,  a  few  of  which  are:  (1)  tem- 
porary or  lasting  increase  of  pressure  of  the  blood  within  the  renal 
system,  especially  hypersemia  from  cardiac  defect;  (2)  exanthemata 
(scarlatina),  and  febrile  diseases  in  general  (pneumonitis,  typhus, 
pyaemia) ;  (3)  inflammation  and  degeneration  of  the  kidneys,  as  well 
as  disturbances  and  inflammation  of  the  brain  and  epilepsy;  (4)  any 
substance  which  acts  upon  the  vascular  system  of  the  kidneys,  such 
as  diuretics,  mercurials,  and  cantharides. 

The  recognition  of  albumin  in  the  urine  requires  care,  and,  above 
all,  it  is  necessary  to  remember  some  of  the  reactions  that  occur  in 
the  urine.  If  the  urine  be  acid,  the  albumin  accidentally  contained 
there  coagulates  at  temperatures  above  70°  C,  the  coagulation  first 
showing  as  an  opacity  upon  the  surface  of  the  liquid. 

Again,  if  the  urine  be  alkaline  and  then  subjected  to  heat,  there 
may  result  a  marked  opacity  without  the  presence  of  albumin,  the 
darkening  being  caused  by  precipitation  of  phosphates.  To  differ- 
entiate from  phosphates,  a  few  drops  of  acetic  acid  are  added,  which 
immediately  dissolve  them. 

HeUer^s  Nitric-acid  Test. — Albumin  is  also  recognized  by  means 
of  adding  one-fourth  of  the  proper  volume  of  HNO,.  The  reaction, 
a  ring  of  white  precipitate  occurring  at  the  junction  of  the  two 
liquids,  is  evident  when  there  is  much  albumin.  If,  instead,  the 
quantity  should  be  small  and  the  urine  concentrated,  nitrate  of  urea 
will  be  precipitated,  giving  an  erroneous  impression  to  the  observer. 
If  the  urine  be  diluted  one-fourth  with  water,  the  urea  precipitate 
disappears. 

A  method  of  measuring  the  quantity  of  albumin  present  in  urine 
is  easily  accomplished  by  the  method  devised  by  Esbach.  The  essen- 
tial principle  is  precipitation  of  the  albumin  by  means  of  Esbach's 
reagent,  which  in  1000  cubic  centimeters  of  water  contains  10  grams 
of  picric  acid  and  20  grams  of  citric  acid.  This  is  performed  in  a 
test-tube  so  graduated  that  the  figures  represent  gram^  of  dried 
aUmmin  in  a  liter  of  urine.    It  is  essential  that  the  reaction  be 
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Bochelle  salt  has  been  added.  The  latter  holds  the  cupric  hydrate 
in  solution.  The  presence  of  sugar  is  denoted  by  the  reduction  on 
boiling  of  yellow  precipitate  of  cuprous  oxide. 

Phenylhydrazin  Test. — This  is,  perhaps,  the  most  trustworthy 
of  all  the  sugar  tests.  »  It  depends  upon  the  formation  of  a  very 
characteristic  body  from  phenylhydrazin  hydrochloride  and  sodium 
acetate:  phenylglucosazone.  The  resultant  body  is  found  as  yellow 
crystals,  for  the  most  part  arranged  in  rosettes  and  clusters.  They 
are  only  sparingly  soluble  in  water.  The  characteristic  crystals  are 
readily  detected  under  the  microscope. 

The  phenylhydrazin  test  takes  place  with  glucose,  laevulose,  and 
glycuronic  acid. 

Fermenidiion  Test  for  Sugar, — ^With  an  Einhom  saccharometer 
tube  introduce  a  definite  quantity  of  urine  and  a  piece  of  Fleisch- 
man^s  yeast  about  the  size  of  a  pea;  then  stand  in  a  warm  place. 
Next  morning  read  off  the  percentage  of  glucose  on  the  instrument. 
The  fermentation  test  of  glucose  excludes  glycuronic  acid,  as  it  will 
not  ferment. 

Bile  and  Blood  in  the  urine  have  been  previously  discussed. 

Tube-casts. — Cylinders,  or  casts,  of  the  uriniferous  tubules  are 
of  prime  importance  to  the  physician  in  his  diagnosis  of  some  forms 
of  renal  disease.  Those  which  are  straight  may  be  said  to  be  casts 
of  the  collecting  tubes;  the  more  curved  and  twisted  ones  are  prob- 
ably from  the  convoluted  tubules.  Various  kinds  of  casts,  or  cylin- 
ders, are  distinguished. 

Theory  of  the  Urinary  Secretion. 

The  theory  of  the  urinary  secretion  is  summed  up  by  regarding 
the  water  (which  determines  the  quantity  of  the  urine)  and  its  salts 
as  a  product  of  filtration  from  the  renal  glomerules;  the  dissolved 
components  (as  urea,  uric  acid,  etc.)  as  products  of  the  special 
activity  of  the  elements  of  the  epithelium  of  the  contorted  tubules. 

That  the  passage  of  the  water  takes  place  chiefly  by  filtration 
is  shown  by  the  fact  that  the  quickness  of  this  passage  is  kept  in 
direct  relation  with  the  pressure  of  the  blood  in  the  renal  arteries, 
and  the  glomerules  in  particular,  from  whose  vessels  the  watery  ele- 
ment of  the  urine  is  chiefly  derived. 

Nevertheless,  hydrostatic  pressure  is  not  the  only  factor  at 
work  in  the  glomerules,  for  their  epithelium  exerts  both  a  positive 
and  negative  influence:    positive  in  that  some  of  the  salts  of  the 
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The  greater  the  distension  of  the  tumen  of  the  ureter,  the  more 
n^  will  the  Diunber  of  peiiataltic  movemente  become. 

Experimentally,  |>eriBtaltic  movements  may  be  aroused  by  elec* 
tried  or  mechanical  excitation;  movements  always  begin  at  the  point 
eidted  and  proceed  toward  both  ends. 

The  Ubinary  Bladder. — The  bladder  is  a  musculo-membran- 
otu  pouch  which  serves  as  a  temporary  reservoir  for  the  urine,     it 


Fig.   17ft. — Diagram  of   Nerve-Bupply   to   Bkdder. 
{Nawbocki,  Skabitciiewskv,  nod  Starlino.) 

lies  behind  the  pubis  and  within  the  pelvic  cavity  while  the  viscus  i* 
empty,  but  when  distended  it  protrudcfi  into  the  hypogastric  region, 
in  extreme  cases  even  up  to  the  umbilicus. 

Id  the  cat,  two  days  after  section  of  the  spinal  cord  above  the 
vesico-spinal  center,  I  found  that  a  pressure  of  140  millimeters  of 
water  was  required  to  overcome  the  tonus  of  the  sphincter  when  a 
cannula  was  bound  in  the  urethra. 
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Hiotnrition. — When  the  act  of  micturition  takes  place  the  spinal 
detrusor  center  is  excited  into  activity  by  the  pressure  of  the  urine; 
the  sphincter  reflex  center  is  also  independently  excited  by  the  pres- 
sure of  the  urine,  and  opens  to  expel  the  secretion.  The  spimd 
detrusor  and  spinal  sphincter  are  under  the  control  of  a  cerebral 
detrusor  center  which  I  have  shown  to  be  seated  in  the  locus  niger, 
and  which  is  set  in  activity  by  the  cerebral  hemisphere  in  voluntary 
micturition.  The  detrusor  center  sends  its  impulses  down  the  lateral 
columns  of  the  spinal  cord  to  the  vesico-spinal  center. 

Voluntary  micturition  is  materially  aided  by  the  action  of  the 
abdominal  and  respiratory  muscles. 


CHAPTER  IX. 

METABOLISM. 

The  food  which  has  been  properly  digested  within  the  stomach 
and  intestines  is  absorbed  by  the  chyle  vessels  and  by  the  small 
capillaries,  whose  union  forms  the  portal  vein.  When  once  in  the 
blood-stream,  it  circulates  with  the  blood-current,  which  carries  it  to 
all  of  the  various  organs  and  tissues  of  the  body.  The  absorbed  nutri- 
tive products  are  held  in  solution  within  the  plasma  of  the  blood. 

In  order  to  nourish  the  structures  outside  of  the  vessel-walls,  the 
plasma,  with  its  contained  nourishment,  is  constantly  being  passed 
through  the  capillary  walls  into  the  spaces  between  the  living  cells.  By 
this  provision  each  cell  is  bathed  in  a  plentiful  supply  of  lymph,  from 
which  medium  it  absorbs  its  nourishment. 

The  various  stages  of  the  nutritive  process — ^viz.,  the  transudation 
of  the  nutritive  plasma  from  the  blood,  the  assimilation  of  parts  of 
this  by  the  tissue  under  repair,  the  absorption  of  the  other  portion  by 
the  lymphatics,  and,  last,  the  reabsorption  of  the  final  residue  together 
with  that  of  the  waste  products  of  the  tissues  by  the  veins — ^are  per- 
formed simultaneously  and  continuously  in  the  living  body.  With  the 
entire  organism  in  a  healthy  condition  there  is  a  perfect  balance  of 
action. 

Action  and  use  are  always  followed  by  a  corresponding  amount 
of  waste.  The  machinist  must  be  making  repairs  to  the  locomotive  or 
other  machine  that  is  in  use.  So  the  tissues  of  the  body  are  con- 
tinually being  destroyed,  to  pass  away  as  effete  matters,  due  to  exercise 
and  action  of  the  various  organs  of  the  economy.  Thus,  the  simple 
movement  of  the  finger,  our  very  thoughts  and  reasonings,  are  produc- 
tive of  waste  in  the  tissues  concerned. 

It  is  due  to  the  repair  by  the  machinist  that  the  machine  is 
kept  in  normal  running  order ;  likewise  it  is  to  the  proper  absorption, 
assimilation  and  elimination  of  foodstuffs  taken  into  our  own 
economies,  that  the  body  owes  its  normal  function  and  health. 

The  digested  products,  having  arrived  at  their  destination  in 
the  organs  and  tissues,  undergo  two  kinds  of  chemical  processes  in 
the  presence  of  oxygen,  and  under  the  peculiar  activity  of  the  cells. 
The  one  is  anabolism,  or  upbuilding ;  the  other  caiabolism,  or  destruc- 
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tion.  These  two  processes  are  diametrically  opposite  to  one  another, 
so  that  by  virtue  of  the  one  the  organism  increases  in  bulk;  by  Tiitoe 
of  the  other  its  bulk  is  diminished. 

By  reason  of  the  anabolic  processes,  the  nonliving  materials  of 
the  food  are  converted  into  the  complex  molecules  of  the  living  tiflsaei^ 
where  they  are  stored  up  to  form  a  store  of  potential  energy.  At  iny 
time  the  organism  is  capable  of  transforming  this  potential  energy  into 
kinetic,  which  is  usually  most  conspicuous  to  the  observer  as  heat  and 
motion. 

By  this  transformation,  the  complex  tissues  are  broken  down  into 
excretory  products  whose  structure  is  simple.  The  waste  materiala 
leave  the  cells  to  be  carried  by  the  lymphatics  into  the  blood-stream, 
ultimately  to  reach  the  exterior  of  the  body,  as  excreta  or  as  com- 
ponents of  some  secretions. 

The  two  processes,  anabolism  and  catabolism,  taken  conjointly, 
constitute  what  is  known  as  metabolism :  an  exchange  of  material. 

Normal  metabolism  thus  requires  the  ingestion  of  a  suitable 
quality  and  quantity  of  food,  which  must  be  absorbed,  assimilated 
and  stored  within  the  tissues.  In  the  latter  place  there  must  occur 
the  necessary  transformation  of  the  food  in  its  now  complex  form,  into 
simpler  products  of  an  eflfete  nature,  evolving,  at  the  same  time,  thoee 
functions  and  activities  which  are  common  to  the  organism.  In  short, 
all  of  the  physiological  phenomena  demonstrable  in  the  economy  are 
the  result,  either  directly  or  indirectly,  of  anabolic  or  catabolic  changes. 

Anabolic  processes  become  visible  during  (1)  the  growth  of  the 
body  in  infancy  and  adolescence,  and  (2)  during  convalescence  from 
a  serious  and  debilitating  disease. 

Catabolic  processes  become  evident  during  old  age  and  in  the 
course  of  malignant  diseases.  Catabolism  is  the  destruction  of  tissue, 
from  which  process  result  the  numerous  manifestations  of  life. 

1.  Duplication  :  That  is,  the  decomposition  of  an  organic  sub- 
stance into  two  or  more  products  whose  sum  represents  exactly  the 
primitive  substance. 

2.  Dehydration  :  This  is  a  particular  form  of  duplication  in 
which  one  of  the  products  is  water. 

3.  Oxidation  :  This  is  the  most  important  part  of  the  chemical 
processes.  By  this  means  the  decomposition  is  accomplished  with 
fixation  of  oxygen,  such  as  the  decomposition  of  albumin,  sugars 
and  fats. 

There  is  not  a  direct  oxidation  of  the  complex  foods  or  tissues, 
for  these  bodies  undergo  cleavage  into  simpler  substances.     It  is  these 
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dBitage  substances  which  are  oxidized.  Oxidation  is  a  chemical 
fioceBs  presided  over  by  intracellular  ferments,  specific  in  their  nature, 
8B  they  act  only  upon  particular  chemical  groups.  The  enzyme  first 
ict8,  then  the  resultant  products  undergo  oxidation. 

4.  Deamidization  :    A  liberation  of  the  NHj  group. 

5.  Synthesis:  This  is  the  combination  of  two  or  more  sub- 
itanceB  whereby  result  a  third,  new  substance.  Syntheses  are  char- 
acteristic of  anabolism,  but  they  do  occur  in  caidbolism.  Thus, 
with  the  disintegration  of  the  tissue  elements  into  benzoic  acid  and 
glycocoU,  there  follows  hippuric  acid;  urea  is  formed  from  carbonic 
add  and  ammonia. 

The  energy  produced  by  the  metabolism  of  materials  in  the  body 
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''ig-  178a. — Schematic  Outline  of  Ventilation  System  in  the  Respiration 
Calorimeter  at  Wesleyan  University,  Middletown,  Conn.     (Benedict.) 


can  be  measured  by  the  number  of  calories.  Heat  and  work  represent 
the  end  results  of  metabolism.  The  splendid  apparatus  of  Atwater 
has  accomplished  calorimetric  results  for  man  hitherto  unattainable. 

The  end  results  of  metabolism  are  thrown  off  by  the  lungs,  skin, 
intestines  and  kidneys. 

Foods  burned  within  the  body  produce  the  same  amount  of  heat 
as  when  burned  outside  the  body,  according  to  Rubner  and  Atwater. 

Catabolism  varies  according  to  the  age  and  weight  of  the  animal ; 
the  younger  and  lighter  the  animal,  the  greater  is  the  relative  destruc- 
tion of  proteid. 

Peptones  and  albumoses  have  about  the  same  caloric  and  nutritive 
value  as  the  proteids. 
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i|iiii.  By  making  proper  provision  to  note  the  increase  in  weight  of 
(he  sulphuric  acid  and  soda  lime  vessels^  the  quantitative  amounts  of 
nter  vapor  and  carbon  dioxide  given  off  by  the  subject  may  be  readily 
determined ;  and  further,  if  the  loss  in  weight  of  the  oxygen  cylinder 
18  recorded,  the  amoimt  of  oxygen  absorbed  may  be  determined. 
Numerous  incidental  corrections  are  necessary  for  unusual  accuracy 
in  these  determinations,  but  the  principle  is  fundamentally  that  just 
outlined. 

'Tor  measuring  the  heat,  the  apparatus  as  a  calorimeter  must  next 
ke  considered.  The  inner  chamber  of  copper  is  surrounded  by  three 
•"alls,  one  of  zinc,  and  two  of  wood.  With  the  intervening  air  spaces 
betireen  these  walls,  the  construction  is  not  unlike  that  of  a  refrig- 
^i^tor,  and  hence  heat  insulation  is  secured.  When  a  man  enters  a 
^^h«mber  constructed  on  this  principle,  the  insulation  is  so  perfect  that 
®^>on  the  temperature  resulting  from  the  heat  production  in  the  body 
^oold  become  unbearable.  As  houses  are  heated  in  winter  by  passing 
hot  water  through  pipes,  this  small  house  or  individual  room  is  cooled 
by  passing  cold  water  through  pipes  or  heat  absorbers.  Special  elec- 
tn'cal  connections  prevent  any  loss  of  heat  from  the  walls,  and  by  not- 
ing the  quantity  of  water  passing  through  the  heat-absorbing  system, 
and  the  temperature  through  which  it  is  warmed,  the  measurement  of 
heat  is  readily  made." 

Effect  of  Food  on  Respiratory  Exchan^^e. 

There  is  an  increase  of  respiratory  exchange  that  is  the  intake  of 
0  and  outtake  of  COo  in  all  cases  after  the  taking  of  food.  The 
gaaeons  exchange  is  most  markedly  elevated  in  the  first  two  hours, 
which  diminishes  four  to  five  hours  after  breakfast. 

Fat  causes  a  10-per-cent.  increase  in  the  respiratory  exchange, 
proteids  a  rise  of  30  per  cent.,  whilst  carbohydrates  increase  the 
giving  off  of  COo  more  than  the  taking  in  of  oxygen.  In  rats  with 
a  meal  rich  in  carbohydrates,  COo  rose  to  97  per  cent.,  the  oxygen  to 
35  per  cent,  above  the  values  obtained  in  the  fasting  condition. 

The  Effect  of  Absolute  Rest  and  Sleep  on  Metabolism. 

The  minimal  amount  of  metabolism  as  a  rule  is  smaller.  During 
sleep  the  consumption  of  oxygen  sinks  from  one  to  six  per  cent. ;  the 
amount  of  carbon  dioxide  during  sleep  is  decreased  6.5  per  cent.  In 
absolute  rest  of  the  body  the  intake  of  oxygen  is  decreased  and  the  out- 
take  of  carbon  dioxide  diminished. 
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Effect  of  Muscular  Work  on  Metabolism. 

The  respiratory  exchange  is  increased  in  all  kinds  of  work.  Hk 
quantity  of  air  breathed  is  also  increased.  Severe  work  catiBes  the 
gaseous  exchange  to  increase  during  hard  work  about  five  to  wm 
times  its  amount  during  rest. 

When  work  is  ended  the  gaseous  exchange  returns  to  normal 
within  four  to  nine  minutes  after  medium  work.     Massage  has  no 
marked  effect  upon  metabolism,  producing,  however,  a  small  increase. 
The  increase  of  utilization  of  oxygen  in  muscular  work  is  in  part  due  to 
increased   activity   of   the  muscles   of   the   cardiac    and   reBpiratory 
apparatus.     In  muscular  work  the  proteid  is  not  used,  for  urea  is  not 
increased,  but  the  carbohydrates  and  fats  are  made  use  of.    The  fats 
are  somewhat  behind  the  carbohydrates  in  the  formation  of  energy. 
Atwater's  results  prove  that  fats  and  carbohydrates  may  be  exchanged 
for  one  another  in  a  mixed  diet  and  keep  up  the  level  of  energy.    The 
question  then  arises.  Does  the  muscle  use  the  carbohydrates  and  fats 
directly,  or  are  they  changed  into  glucose  first  before  being  utilized? 
It  is  not  decided  whether  glycogen  and  the  fats  are  directly  used  or 
that  they  must  first  be  changed  into  glucose. 

When  the  proteids  are  used  in  muscular  work  they  probably  have 
in  the  liver  their  nitrogen  paii;  changed  into  urea,  and  the  carbon 
moiety  is  stored  as  glycogen  or  fat  and  directly  oxidized  in  muscle 
work.     Fifty-eight  per  cent,  by  weight  of  the  meat  proteid  metabolized 
according  to  Lusk,  can  be  converted  into  sugar  in  the  body.     About 
fifty  per  cent,  of  the  proteid  taken  becomes,  by  the  exogenous  metabo- 
lism of  the  liver,  converted  into  urea.    The  remainder  goes  to  repair  the 
tissue  or  organized  proteid  of  the  body.     The  endogenous  metabolism 
of  the  organized  proteid  of  the  body  is  indicated  not  by  the  urea,  but 
by  the  creatinin  and  to  a  lesser  degree  by  the  uric  acid.     The  questioii 
now  arises,  Why  not  give  carbohydrates  and  fats  instead  of  proteids? 
as  the  nitrogen  moiety  is  removed  by  the  liver  and  excreted  by  the 
kidney.     It  is  probable  that  in  the  splitting  of  proteid  there  are  many 
different  kinds  of  amino-acids  produced.     These  building  stones  must 
be  of  various  varieties  to  fit  in  the  building  up  of  the  tissues  or  organ- 
ized tissue  proteid. 

Atwater  and  Benedict  have  shown  that  the  total  metabolism  on 
an  alcohol  diet  was  no  greater  than  on  a  diet  without  alcohol ;  in  both 
cases  the  same  amount  of  work  having  been  performed.  In  these 
experiments  72  grammes  of  alcohol  were  taken  in  the  course  of  the 
day  in  place  of  an  iso-caloric  amount  of  fat.     Here  alcohol  indirectly 


METABOUSM.  473 

terres  as  a  source  of  energy  for  muscular  work,  but  only  by  taking  the 
place  of  fats  and  carbohydrates  as  a  generator  of  heat.  Alcohol  in 
thiB  amount  does  not  lower  the  energy  produced  by  the  other  food- 
stnlb. 

Frenzel  found  that  sugar  increased  the  activity  of  muscle  when 
eihanstedy  but  he  also  found  that  protein  in  iso-dynamic  quantities 
Wig  much  more  effective^  and  whilst  the  saccharose  lost  its  effect  at 
the  end  of  the  third  hour,  the  effect  of  proteid  continued  until  the 
seventh  hour. 

Action  of  Various  Agencies  upon  Metabolism. 

Mental  activity  has  no  direct  effect  upon  metabolism.  The 
g^ds  especially  are,  next  to  the  muscles,  generators  of  heat.  Sun- 
shine acts  upon  metabolism  by  increasing  the  activity  of  the  nervous 
system  and  thus  the  movements  of  the  muscular  system,  which  pro- 
duces more  energy.  Sunshine  has  no  direct  action  on  metabolism. 
Cold  increases  the  generation  of  heat,  the  consumption  of  oxygen  and 
the  exhalation  of  carbon  dioxide.  With  a  rise  of  external  temperature 
the  increase  in  metabolism  in  warm-blooded  animals  is  less  than  when 
the  temperature  falls.  Cold  baths  or  douches  may  increase  the  oxygen 
and  carbon  dioxide  exchange  from  50  to  200  per  cent.;  hot  baths 
increase  them  from  50  to  100  per  cent.  At  the  seashore  gaseous 
exchanges  were  increased  in  two  individuals,  but  not  in  a  third  one. 

Alterations  of  pressure  in  air  chambers,  whether  a  decrease  of  450 
millimeters  or  an  increase  of  1,500  millimeters,  do  not  affect  the  con- 
sumption of  oxygen  in  the  dog  or  man.  This  is  true  in  rest  and  in 
work.  In  high  altitudes  the  respiratory  gaseous  exchange  is  primarily 
increased  10  to  20  per  cent,  compared  with  persons  living  on  the  low 
lands  and  not  used  to  climbing  mountains.  This  result  is  neither  due 
to  a  diminution  of  pressure  nor  only  due  to  increase  of  work  by  the 
muscles  of  respiration.  It  is  a  result  of  some  climatic  influence  to 
which  the  body  must  adapt  itself. 

Effect  of  Age  and  Size. — In  the  infant  and  the  child  the  taking  in 
of  O  and  taking  out  of  COj  is  greater  than  in  the  adult,  due  to  the 
relation  between  skin  surface  and  mass,  for  the  larger  the  animal  is  the 
smaller  the  ratio  between  the  surface  and  its  mass,  for  surface  increases 
as  its  square  and  weight  as  its  cube.  In  old  people  the  respiratory 
exchange  is  smaller  than  in  the  adult,  due  to  quietude  and  loss  of  tone 
in  the  muscles. 

The  smaller  animal  has  a  greater  exchange  of  0  and  CO,  than 
•  larger  animal. 
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Sonden  and  Tigerstedt  show  that  there  is  a  greater  eombiutiai 
due  to  the  age  of  the  child^  the  younger  the  child  the  greater  the  exces 
of  combustion.  The  male  child  excretes  more  CO,  than  the  female  of 
same  age  and  weight,  due  to  the  greater  activity  and  tonus  of  the 
muscles. 

Luxus  Consumption. 

In  Liebig's  old  theory,  the  fats  and  carbohydrates  were  supposed 
to  generate  heat,  whilst  the  proteids  were  muscle-builders,  and  the  life 
phenomena  were  supposed  to  be  due  to  chemical  changes  in  the  proteii 
When  it  was  found  out  that  proteids  in  part  also  generated  heat,  it 
was  looked  upon  as  a  wasteful  use  of  good  material,  and  was  denomi- 
nated a  luxus  consumption. 

The  luxus  consumption  theory  of  Voit  is  that  the  excess  of 
proteids  in  the  blood  and  lymph  is  oxidized  in  those  fluids.  Hence  we 
see  there  can  be  a  dividing  line  made  between  the  circulating  proteid 
of  the  blood  and  the  lymph  and  the  organ  proteid  of  the  cells. 

Unorganized  and  organized  proteid  are  better  terms  than  cir- 
culating  and  tissue  proteid  of  Voit.  The  tissue  proteid  or  stable  pro- 
teid is  hard  to  disintegrate. 

It  is  now  believed,  according  to  Abderhalden,  that  the  amido 
acids  are  the  circulating  or  unorganized  proteid  of  Voit. 

INTERMEDIATE  METABOLISM. 

According  to  Pasteur,  all  oxidations  are  accomplished  by  intni 
cellular  ferments  of  the  cells  of  the  tissues,  which  are  denominateii 
oxidases.    The  act  of  autolysis  proves  that   intracellular  ferments 
exist. 

The  act  of  autolysis  or  digestion  outside  the  body  under  antiseptic 
precautions  produces  with  the  proteids  all  the  products  found  when 
digestion  takes  place  in  the  intestine.  Here  the  intracellular  en23rme? 
are  the  active  agents. 

All  the  tissues  of  the  body  have  a  large  number  of  enzymes 
capable  of  producing  a  great  variety  of  metabolic  products.  The 
intracellular  ferments  are  the  controlling  factor  by  which  the  needs 
of  the  body  are  supplied  with  metabolic  products. 

Every  species  of  animal  has  its  own  specific  proteid  as  the 
precipitin  test  shows.  The  caseins  of  different  kinds  of  milk  when 
injected  into  the  circulation  also  produce  specific  precipitins  by  means 
of  which  these  caseins  can  be  differentiated  from  one  another.  No 
matter  what  kind  of  food  of  a  proteid  nature  is  taken  into  the  intestine, 
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the  aemm-albmnin  and  serum-globulin  is  constantly  of  the  same  oom- 
podtion.  It  is  inferred  that  the  amino-acids  and  polypeptids  of  the 
lood-proteid  are  synthetically  built  up  into  proteid  suited  to  that  par- 
ticular kind  of  animal.  The  serum-proteids  are  independent  in  com- 
position of  the  kind  of  proteid-food  for  a  horse  fed  with  gliadin,  five 
times  richer  in  glutaminic  acid  than  serum-proteid,  yet  its  serum- 
proteid  had  the  normal  amount  of  glutaminic  acid  even  when  the 
animal  had  been  bled  profusely  and  must  generate  a  large  amount  of 
Bemm-proteid.  Hence  the  intestinal  wall  and  the  ferments  have  the 
important  function  to  always  furnish  the  same  proteids  to  the  tissues. 
It  ia  evident  that  not  all  proteids  can  have  the  same  food  value  to  the 
animal  body  and  their  value  can  not  be  determined  by  their  content  of 
nitrogen.  A  food-proteid  that  yields  very  little  serum-proteid  when 
its  amido-acids  are  resynthesized  in  the  intestinal  wall  can  not  replace 
in  equivalent  amounts  a  food-proteid  that  yields  amido-acids  in  more 
nearly  the  same  proportion  in  which  they  are  found  in  serum-proteids. 
Hence,  if  a  certain  food-proteid  contains  very  much  less  of  an  amino- 
acid  than  the  serum-proteid  does,  then  only  a  correspondingly  small 
amount  of  its  other  amino-acids  can  be  used  in  the  building  up  of 
tissues.  It  is  probable  that  the  tissue  cells  have  some  selective  power, 
as  the  proteids  in  these  cells  of  the  tissues  have  a  certain  proportion  of 
the  various  amido-acids  different  from  those  of  the  serum-proteids. 
The  portal  circulation  carries  to  the  liver  the  specific  serum-proteids 
with  polypeptids,  amido-acids  and  ammonia.  The  blood  going  to  the 
liver  also  conveys  indol,  skatol,  phenol  and  cresol,  products  of 
microbian  digestion  which  go  to  the  liver  to  form  the  conjugated  sul- 
phates. The  liver  also  forms  glycuronates,  as  indoxyl,  skatol  and 
phenol  glycuronates,  wliich,  with  the  ethereal  sulphates,  are  carried  to 
the  kidney  and  excreted. 

Leathes  states  that  the  two  main  products  of  proteid  metabolism, 
urea  and  carbonic  acid,  are  to  a  great  extent  produced  independently 
of  each  other,  and  the  reactions  which  result  in  the  discharge  of  nitro- 
gen are  not  those  in  which  energy  is  set  free,  work  done  and  carbonic 
acid  produced.  This  being  so,  it  is  plain  that  proteid  metabolism,  in 
so  far  as  it  is  concerned  with  evolution  of  energy  in  its  exothermic 
stages,  may  be  almost  entirely  nonnitrogenous  metabolism. 

We  can  not  take  the  excretion  of  urea  as  a  measure  of  proteid 
metabolism,  because  a  large  part  of  it  is  formed  from  nitrogen  that 
has  never  penetrated  the  body  beyond  the  liver. 

The  body  is  able  to  interchange  the  proteids  of  the  tissues  which 
are  distinctly  different;   hence  it  can  build  specific  proteid  out  of  the 
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neutral  proteid  of  the  blood.  In  the  fasting  salmon  Miescher  found 
that  the  proteid  of  vanishing  muscles  was  changed  into  the  proteid  of 
the  testicles  which  grew  at  that  period.  In  starvation  the  heart-muscle 
does  not  waste^  but  acquires  its  proteid  from  the  other  proteids  of  the 
body. 

A  cleavage  by  hydrolysis  must  precede  every  transformation  of 
proteid  inside  the  body. 

The  amino-acids  and  polypeptids  enter  the  general  circulation. 
Leathes  and  Howell  have  found  amido-acids  in  the  blood.     When  the 
amido-acids  arrive  at  the  tissue  cells  they  undergo  two  changes:  they 
may  be  used  as  keystones  in  building  up  the  tissue  proteid,  or  they 
may  be  broken  up  by  the  intracellular  ferments,  forming  ammonia, 
which  is  excreted  as  urea.     When  the  proteids  of  the  blood  are  in  con- 
tact with  the  cells  the  intracellular  ferments  break  them  up  into  poly- 
peptids and  build  them  into  their  own  peculiar  tissue.     When  the 
polypeptids  are  injected  into  the  circulation  they  do  not  appear  in  the 
urine  as  polypeptids  or  in  the  shape  of  amido-acids,  which  formed 
them,  but  probably  as  urea.     In  the  breaking  down  of  proteids  by  the 
intracellular  ferments  we  have  the  old  amino-acids  replaced  by  the  new 
building  stones,  the  new  amino-acids.    These  old  amino-acids  are 
broken  up  into  ammonia  and  changed  into  urea.     In  certain  families 
the  amido-acids  are  not  acted  upon  by  the  intracellular  ferments ;  then 
you  have  cystinuria  and  alkaptonuria.     In  alkaptonuria  the  patient 
excretes  homogentisinic  acid,  which  is  derived  from  the  amino-acids, 
tyrosin  and  phenylalanin.     One  of  the  amino-acids,  glycocoll,  on  its 
way  to  be  excreted,  meets  benzoic  acid  and  forms  hippuric  acid.     Glyco- 
coll may  also  unite  with  poisons  in  the  blood  in  a  like  manner,  taking 
away  their  toxic  properties  and  excreting  them.     Alanin  and  glyco- 
coll, two  amido-acids,  when  given  increase  the  excretion  of  sugar  in 
pancreatic  diabetes.     In  the  metabolism  of  the  body  the  amido-acids 
occupy  the  front  rank. 

Specific  Dynamic  Action  of  Protelda. 

Eubner  believes  that  proteids  stimulate  the  metabolism  of  the 
body  to  a  greater  degree  than  carbohydrates  or  fats.  Buhner  found 
that  after  taking  meat  in  excess  of  starving  metabolism,  the  specific 
dynamic  action  caused  a  heat  increase  of  32.28  per  cent.  After  inges- 
tion of  a  smaller  quantity  the  specific  dynamic  action  was  only  29.60 
per  cent.  The  average  of  these  or  30.94  per  cent,  represents  the 
specific  d3mamic  action  of  proteid  or  the  increased  heat  production 
after  the  ingestion  of  meat  containing  100  per  cent,  of  the  energy- 
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requirement  When  proteids  break  up  in  metabolism  sugar  is  pro- 
duced in  considerable. quantity^  which  gives  beat  but  not  energy  to  the 
cells.  Proteids  in  tiie  body  are  most  readily  metabolized.  Fats  are 
the  most  difficult  to  bum.  Outside  the  body  fats  are  more  easily  burnt 
than  either  carbohydrates  or  proteids. 

Proteld  MeUbolism. 

Pfliiger's  dog  fed  upon  flesh  a  long  time  and  working  hard^ 
excreted  somewhat  more  nitrogen  than  ingested^  so  that  some  proteid  is 
used  in  work.  But  when  fats  and  carbohydrates  are  abundant  they 
are  the  main  source  of  energy  in  muscular  work.  One  hundred  to  one 
hundred  and  twenty  grams  of  proteid  should  be  allowed  daily  per 
adult. 

Man  can  live  only  when  the  chemical  elements  are  arranged  in 
a  certain  manner  with  others  in  the  form  of  foods,  for  the  proportion 
of  carbon  to  nitrogen  in  foods  is  not  that  required  in  a  diet.  If 
sufficient  proteid  was  used  to  supply  carbon,  the  diet  would  contain 
four  times  more  nitrogen  than  the  body  needs.  If  he  received  enough 
proteid  to  furnish  the  nitrogen  required,  then  he  would  be  deficient  in 
carbon.  Hence  it  is  plain  that  man's  diet  should  be  made  up  of 
proteids^  fats,  carbohydrates,  water  and  salts. 

Each  gram  of  nitrogen  corresponds  to  6.25  grams  of  proteid ;  and 
since  meat  contains  on  an  average  34  per  cent,  of  nitrogen,  each  gram 
of  the  latter  will  represent  30  grams  of  muscle. 

Living  proteid  is  not  destroyed  either  in  metabolism  of  proteid  or 
in  that  of  the  nonnitrogenous  materials,  but  is  comparatively  stable. 

Folin  holds  that  there  are  two  kinds  of  proteid  metabolism,  one 
constant,  the  other  variable.  The  variable  fonn,  exogenous  metab- 
olism, has  urea  as  its  chief  product.  Urea  represents  the  products  of 
foods  which  have  undergone  hydrolysis  by  trypsin  and  erepsin,  the 
nitrogen  part  going  to  liver  to  form  urea,  whilst  the  carbonaceous 
residue  is  converted  into  carbohvdrate  or  oxidized.  The  constant 
form,  endogenous  or  tissue  metabolism  is  represented  chiefly  by 
creatinin  and  by  uric  acid.  Creatinin  is  a  constant  quantity,  no  matter 
how  much  variation  in  the  food-proteid,  provided  meat  is  not  used,  as 
it  contains  creatinin.  Hence  creatinin  is  an  index  of  tissue  proteid 
metabolism. 

Storage  of  Proteids. — The  storage  of  proteids  is  denied  by  some 
physiologists.  It  certainly  is  not  so  readily  stored  as  fats  and  carbo* 
hydrates. 
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The  body  can  only  store  proteid  when  th^  substances  ingeBted 
are  reinforced  by  substantial  additions  of  carbohydrates  and  fats. 

In  order  to  obtain  the  greatest  total  deposit  of  proteid  in  the  body 
it  is  best  to  give  a  relatively  large  quantity  of  fat  in  comparison  to  the 
quantity  of  meat.  The  carbohydrates  have  the  same  relation  to  the 
storing  of  proteid  as  tlie  fat,  and  in  a  much  greater  degree.  All  this 
proves  that  in  recovering  from  a  wasting  fever  you  must  use,  with 
proteid,  carbohydrates  and  fats. 

Nnoleo-proteids. — When  the  nucleo-proteids  enter  the  mtestine 
the  nuclein  undergoes  hydrolysis  by  the  proteolytic  agents^  and  the  now 
soluble  nuclein  enters  the  blood.  The  intracellular  ferment,  nuclease 
in  the  tissues  breaks  up  the  nuclein  in  the  manner  shown  in  the  follow* 
ing  table  from  Von  Noorden. 

Nucleo-proteiiui 

A 

Albumin    Nuclein 

A 

Albumin      Nucleic  acids 


Carbohydratep  Phosphoric? 

aoidA  Bases 

Pentoses  Adenin  "^ 

Hexoses  Ouanin  I  Pnrln 

non-reducinjj  Hypoxanthin  (  bases 

leading  to  Xanthin  / 

levulinic 

acid  Th>Tnin  ')    I^" 

Cjrtosin  >  midin 
Uracil)   bodies 

The  relations  between  the  purin  bodies  are  shown  in  the  following 
summary : — 

Purin  =  CftH,N, 

Amino-   r  Adenin  =  CbH^Nj  =  6-amino-purin 

purin      \  Guanin  =  C^^fi  =  2-amino  —  6-oxypurin 

Q^         /  Hypoxanthin  =  C»H4N<0  =  6-oxypurin 

\  Xanthin  =  C8H4N4O,  =  2.6-oxypurin 

purin         Uric  acid  =:  C5H4N4O,  =  2.6.8-trioxypurin 

The  purin  base  guanin  by  guanase  is  converted  into  xanthin,  and 
the  base  adenin  by  adenase  into  hypoxanthin.  The  xanthin  oxidase  by 
oxidation  converts  hypoxanthin  and  xanthin  into  uric  acid.     Hypoxan- 
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tWnby  the  month  in  man  increases  the  excretion  of  uric  acid.  The 
purin  bases  are  present  in  beer  and  porter,  coming  from  the  nuclein  of 
tl)e  yeast.  Alcohol  has  no  striking  action  upon  the  excretion  of  uric 
add.  Salicylic  acid  has  a  decided  increased  action  on  the  output  of 
aric  acid. 

The  different  tissues  contain  a  uricolytic  ferment  which  breaks  up 

uric  acid  into  urea  and  other  bodies.     The  liver  seems  to  be  the 

principal  seat  for  the  destruction  of  uric  acid.     In  diabetes  there  is  an 

inability  of  the  tissues  to  destroy  sugar;   in  gout  the  symptoms  are 

dependent  upon  the  deposit  of  acid  urate  of  sodium  in  certain  localities. 

Metabolism  of  Carbohydrates. 

When  carbohydrates  enter  the  tissues  they  may  (1)  undergo 
combustion,  (2)  may  be  stored  up  as  glycogen  or  fat,  or  (3)  being  only 
partly  consumed  they  may  be  excreted  in  the  urine. 

Xencki  has  shown  that  10  per  cent,  glucose  when  mixed  with  20 
per  cent,  of  caustic  alkali  at  the  temperature  of  the  body,  at  the  end 
of  twenty-four  hours  contains  only  traces  of  sugar,  but  lactic  acid 
^mounting  to  50  per  cent,  of  the  sugar  taken.  Bacteria  change  grape 
sugar  into  80  per  cent,  of  lactic  acid.  Buchner  believes  that  the  first 
*tage  in  the  alcoholic  fermentation  of  sugar  is  due  to  zymase  changing 
Btigar  into  lactic  acid,  and  lactacidase,  a  second  ferment  of  the  yeast 
cell,  converting  the  lactic  acid  into  alcohol. 

Asher  and  Jackson  removed  all  the  abdominal  viscera  in  a  dog 
and  they  found  that  the  lactic  acid  in  the  blood  was  increased. 
Minkowski  extirpated  the  liver  in  geese,  and  here  lactic  acid  and 
ammonia  replaced  the  uric  acid  in  the  urine. 

Proteids  in  breaking  up  into  the  amino-acids  form  one,  alanine, 
which  may  be  a  small  source  of  lactic  acid.  We  know  that  in  muscle 
activitv  sarco-lactic  acid  is  formed. 

Alanine  when  given  to  rabbits,  causes  glycogen  to  be  deposited  in 
the  liver  and  the  excretion  of  lactic  acid  by  the  kidneys.  The 
glycerine  in  the  body  can  produce  sugar.  The  nucleo-proteids  also 
have  a  carbohydrate  or  pentose,  and  the  gluco-proteids  contain  gluco- 
samine, but  how  far  they  are  concerned  in  metabolism  is  still  a  matter 
of  obscurity. 

In  certain  families  a  pentosuria  exists,  a  carbohydrate  of  the  five 
carbon  series,  a  pentose  is  excreted.  The  sugar  excreted  is  the  optically 
inactive  racemic,  arabinose.  It  arises  within  the  organism  itself. 
This  diabetes  needs  no  dieting. 

Sugar  may  become  oxidized  in  the  body  without  previous  splitting, 


480  PHYSIOLOGY. 

80  that  the  first  product  to  appear  is  glycuronic  acid.  Cohnbeini'i 
theory  is  that  a  destruction  of  sugar  by  muscle  extract  combined  with 
the  pancreatic  activator  occurs. 

The  ingested  carbohydrates  are  all  destroyed  before  the  body  fat 
and  the  fat  in  the  food. 

Muscles  consume^  besides  the  carbohydrates  and  fats,  also  the 
proteids.  In  extreme  cases  where  no  carbohydrates  or  fats  are  preaent 
the  proteids  are  used. 

The  sparing  of  proteid  by  carbohydrates  is  greater  than  by  fat*, 
an  important  dietetic  fact. 

Kossa  has  shown  that  the  subcutaneous  injection  of  sugar  up  to 
saturation  in  fowls,  and  to  a  lesser  extent  in  dogs,  produced  profound 
changes,  followed  by  death  of  the  animals.  The  metabolism  of 
albumin  rose  50  per  cent,  and  the  excretion  of  urea  rose  from  12  to 
17  grams.  The  phosphoric  acid  rose  at  the  same  time  in  direct 
relation  to  the  urea. 

Storage  of  Carbohydrates  in  the  Body. — Glycogen  was  discovered 
by  Bernard  to  be  stored  in  the  liver  and  muscles.  Eleven  grams  of 
glycogen  per  kilogram  exists  in  the  dog,  according  to  Pfliiger. 

Fasting  removes  glycogen,  but  not  all  of  it.  Severe  muscular 
work  removes  glycogen  from  the  body,  both  from  the  liver  and  the 
muscles. 

The  carbohydrates  are  the  chief  source  of  glycogen.  Proteids  are 
also  a  source  of  glycogen.  According  to  Pfliiger,  glycogen  may  be 
made  by  fat. 

They  pass  into  the  liver  by  the  portal  circulation  as  dextrose  and 
are  partly  stored  up  in  the  liver-cell  as  glycogen,  to  be  given  off  as 
sugar  in  the  periods  between  digestion,  to  be  used  up  when  a  sudden 
demand  is  made  by  the  starving  or  working  body.  The  dextrose  i?' 
used  up  by  the  muscle-  and  gland-cells,  being  oxidized,  the  carbon 
going  off  as  carbon  dioxide.  As  to  amount  of  carbohydrates,  odIv 
500  grammes  can  be  consumed  without  digestive  disturbance. 

The  carbohydrates  are  found  in  small  proportion  in  flesh  foods, 
as  glycogen,  and  in  milk  in  the  form  o^  lactose.  By  far  the  greater 
proportions  of  carbohydrates  are  obtained  from  the  vegetable  kingdom. 
In  vegetable  foods  they  occur  as  starches  and  sugars. 

An  animal  that  is  fed  upon  carbohydrates  exclusively  dies  of 
starvation  on  account  of  want  of  proteid.  The  saving  of  proteid 
increases  proportionately  with  the  quantity  of  carbohydrates  ingested. 
This  is  an  important  fact,  since  the  digestive  juices  are  capable  of 
digesting  them  in  large  quantities. 
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The  fatigue  of  muscle  is  slowed  by  the  use  of  sugar.     For  four 
days  Dr.  F.  S.  Lee  gave  animals  phloridzin,  which  sweeps  the  greater 
part  of  the  carbohydrate  material,  or  glycogen,  out  of  the  muscles. 
Then  he  irritated  the  tibialis  anticus,  and,  while  it  gave  1,000  con- 
tractions per  minute  on   electrical   stimulation   normally,   after  the 
remoyal  of  glycogen,  by  the  phloridzin  the  contractions  were  only  from 
200  to  400  per  minute.     These  experiments  proved  that  carbohydrates 
assisted  the  muscle  in  its  contraction.     He  made  another  series  of 
experiments  upon  the  muscles  which  had  their  glycogen  removed  by 
phloridzin,  and  then  gave  50  grams  of  dextrose.     Then  electrical  irri- 
tationa  were  used  on  the  muscle,  which  gave  560  contractions  per 
minute.    Here  the  glucose  restored  the  muscle. 

Fats. 

The  quantity  of  fat  in  healthy  persons  may  vary  greatly:  from 
2.5  to  23  per  cent.  Fats  are  encountered  in  two  forms  in  the  organism : 
(a)  as  an  emulsion  in  the  nutritive  fluids;  (6)  in  drops  in  small 
particular  dells,  or  in  the  interior  of  tissue  cells.  While  in  the  state 
of  emulsion  the  fats  are  in  circulation;  in  the  second  state  they  are 
at  rest.     The  combustion  of  fats  produces  water  and  COj. 

The  fats  can  be  stored  by  the  feeding  of  fat.  When  Munk  fed  a 
dog,  starved  for  thirty-three  days,  with  meat  and  some  rape  seed  oil 
daily  for  seventeen  days,  he  found  at  the  end  of  the  time  a  large 
quantity  of  fat,  which  showed  a  storing  of  fat  from  the  oil.  In  this 
fat  was  found  erucic  acid,  which  belongs  to  the  rape  seed  oil  and  not 
to  normal  fat.  ,  Fats  can  be  stored  from  soaps  and  fatty  acids. 

In  organs  continuously  working  we  find  fat,  especially  in  the 
heart  and  kidnevs.     There  is  more  in  the  kidney  than  in  the  heart. 

Fat  is  also  produced  from  the  carbohydrates.  Fats  are  used  up 
during  abstinence,  during  insufficient  diet,  or  during  sickness.  The 
energy  of  fat  is  transformed  into  heat  and  into  mechanical  or  chemical 
work.  Fat  is  a  steady  source  of  energy  in  work.  •  Hence,  a  man  who 
works  has  need  of  more  fat  than  one  who  pursues  a  sedentary  life. 

The  liver  becomes  loaded  with  fat  from  poisoning  by  phosphorus. 
Here  the  fat  is  imported  from  other  storage  places  in  the  body,  espe- 
cially from  the  subcutaneous  fat  of  the  abdomen. 

,  Proteid  decomposition  is  primarily  in  relation  with  the  amount  of 
proteid  ingested.  As  the  amount  of  proteid  given  increases,  the 
amount  of  fat  burned  decreases.  The  addition  of  a  considerable 
amount  of  fat  to  a  proteid  diet  neither  increases  the  metabolism  of  fats 

nor  the  total  metabolism. 

.11 
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The  fats  are  savers  of  proteids,  as  they  are  used  before  the  proteidg 
are  attacked  in  metabolism. 

Sugar  and  starch  are  converted  into  liexoses  and  these  are  trans- 
formed and  built  up  into  glycogen.  Fats  are  broken  up  into  fatty 
acids  and  glycerine,  not  changed,  but  used  as  fat, 

Zuntz  finds  that  fat  can  be  used  for  muscular  work  with  as  mnck 
economy  as  either  proteids  or  carbohydrates.  In  fact,  with  fat>  slightly 
less  oxygen  and  energy  was  required  to  do  work  on  fat  diet  than  with 
the  others. 

The  following  table  shows  the  results  when  resting  and  working 
on  a  diet  principally  of  fat  or  of  a  carbohydrate  or  of  a  proteid 
(Leathes) : — 


Diet  principally 


Fat  

Carbohydrates 
Proteid 


810 

0.78 

lOiO 

277 

0.9 

1020 

306 

0.8 

1127 

0.72 
0.0 


0.8 


864 
846 
846 


Per  M.  kg 

of  work 


2.01 
2.17 


Cil. 


9iO 
10.41 


2.88  1 11.S5 


During  fasting  the  fats  from  their  storage  places  return  to  the 
blood,  to  supply  the  needed  fat.     The  liver  first  transfers  the  fat  in 
starvation   from    the   subcutaneous   tissue   and   the   abdomen.    This 
transfer  of  fat  to  the  liver  only  ensues  if  glycogen  has  vanished^  and 
it  can  be  prevented  if  the  animal  is  fed  with  substances  which  rapidly 
form  glycogen.     This  transfer  of  fat  to  the  liver  is  a  reserve  which 
meets  any  emergency  call  upon  the  cells  of  the  body  for  fat,  as  in 
violent  exorcise.     The  vascular  liver  can  give  fat  to  the  blood  much 
more  rapidly  than  the  cells  of  adipose  tissue  in  the  subcutaneous  tissue. 
Hence  the  liver  supplies  glycogen  and  fat  for  the  sudden  needs  of  the 
body. 

Hanriot  has  discovered  a  lipase  in  the  blood  which  breaks  up  the 
fat  in  the  blood  into  fatty  acid  and  glycerine  and  makes  them  soluble 
in  water,  so  that  they  can  pass  through  the  wall  of  the  capillary  to 
the  tissue.  A  lipase  in  the  tissues  also  breaks  up  the  fat,  so  it  can 
return  to  the  blood. 
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According  to  Leathes,  ''the  fatty  acids  undergo  oxidation  step  by 
8tq>9  each  time  at  the  B.  carbon  atom;  that  an  nnsatorated  linkage 
ia  the  first  move  towards  this  oxidation,  and  probably  the  formation  of 
a  saturated  oxyacid  the  second.  The  first  of  these  preparatory  changes 
takes  place  either  in  the  organs  where  the  oxidation  is  carried  out  or 
before  it  reaches  them,  but  after  it  leaves  the  storage  places  possibly 
in  the  liver.*' 

Pfliiger  believes  that  the  sugar  produced  in  the  body  which  cannot 
be  accounted  for  by  the  carbohydrates  must  be  derived  from  the  fats. 
In  his  dogs  who  had  the  greater  part  of  the  pancreas  removed  and  the 
CQimection  of  the  remainder  with  the  intestine  severed,  there  ensued 
a  glycosuria.  He  then  fed  them  with  raw  ox-pancreas,  which  increased 
the  absorption  of  fats  and  proteids,  and  there  resulted  an  intense 
glycosuria.  He  fed  them  four  months  on  casein  and  boiled  cod,  which 
in  the  winter  months  contains  no  glycogen  and  only  traces  of  fat. 
By  calculations  he  deduced  the  conclusion  that  the  sugar  was  derived 
from  the  fat,  and  the  seat  of  this  transformation  was  the  liver. 
Pfluger  does  not  believe  that  fats  can  come  from  proteids. 

In  fatty  conditions  of  the  organs,  as  the  liver  and  heart,  the  fat 
has  been  transported  from  the  storage  places  in  the  subcutaneous 
tissues,  especially  in  that  of  the  abdomen,  to  the  organ  affected.  The 
fat  is  not  due  to  an  alteration  of  the  tissues  of  the  organ. 

Acetone  Bodies. 

Betaoxybutyric  acid  by  oxidation  gives  rise  to  acetic  acid  and  ihii 
by  losing  carbonic  acid  produces  acetone.  Acetone  is  the  only  body 
appearing  in  normal  urine.  Acetonuria  is  constantly  produced  in 
healthy  people  by  restricting  the  carbohydrates,  but  it  disappears  as 
soon  as  the  carbohydrates  are  restored.  In  a  healthy  man  fed  on 
butter,  oil  and  a  little  wine  for  five  days  there  was  found  in  the  urine 
diacetic  acid,  B.-oxybut}Tic  acid  and  acetone  in  amounts  su  in  severe 
diabetes.  Of  all  the  fatty  acids,  butyric  acid  of  butter  is  the  most 
powerful  to  cause  acetonuria.  Acetone  is  largely  formed  in  the  muscles 
and  liver,  and  to  a  small  extent  in  the  other  tissues  of  the  body.  It  is 
especially  in  diabetes  that  acetic  and  oxybutyric  acid  appear. 

Inorganic  Substances. 

Like  water,  the  inorganic  substances  are  absorbed  :<n  exoesa.  more 
than  is  necessary  to  a  normal  minimum. 

An  animal  can  abstain  from  all  food  and  livc:  longer  than  an 
animal  deprived  of  salts. 
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The  mineral  salts  are  cast  off  in  smaller  amounts  when  no  saltE 
are  ingested,  but  they  are  never  entirely  absent.    With  organic  food  • 
materials  the  amoimt  of  salts  excreted  is  minimal. 

Oxygen. — We  take  in  about  700  grams  of  oxygen,  which  is  neces- 
sary to  oxidize  the  foods. 

Water. — Bread  contains  34  per  cent,  of  water;  meat  55  to  75 
per  cent,  of  water. 

Among  the  inorganic  compounds,  the  most  important,  without 
exception,  is  water.  It  is  even  more  important  than  proteid  and  fat, 
since  it  forms  about  three-fifths  of  the  weight  of  the  body. 

Water  has  an  important  function  within  the  organism.  When 
proteid  is  insufficient,  water  acciunulates  in  the  tissues.  Among  the 
poorer  classes,  whose  nourishment  is  insufficient,  infectious  diaeaaes 
flourish,  since  their  nutritive  liquids  are  excellent  media  for  the 
cultivation  of  micro-organisms. 

Excess  of  water  causes  an  augmentation  of  urea ;  hence  the  snccess 
of  mineral  waters  in  Bright^s  disease.  This  increase  of  urea  is  due  to 
the  abundant  washing  out  of  the  retarded  metabolic  acts  through  the 
kidneys^ 

Atwater  and  Benedict  found  in  repose  the  amoimt  of  water  taken 
in  on  an  average  to  be  2,290  cubic  centimeters,  on  working  days  3,700 
cubic  centimeters.  In  addition  the  body  has  water  manufactured  in  it 
by  the  oxidation  of  hydrogen  in  the  food.  The  oxidation  water  amounts 
to  about  360  grams  in  a  mixed  diet,  representing  3,000  calories. 
Water  is  excreted  only  in  relatively  small  amount  by  the  faeces,  60  to 
120  grams  daily.  Atwater  and  Benedict  state  that  an  average  of 
931  grams  of  water  is  given  off  by  the  skin  and  lungs  during  a  day, 
of  which  531  grams  come  from  the  skin  and  400  grams  from  the 
lungs.  Work  greatly  increases  the  evaporation  from  the  skin.  The 
evaporation  of  water  from  the  body  is  least  in  temperate  climates, 
greater  at  low  temperature  and  much  increased  by  high  temperature. 
The  body  loses  less  water  in  damp  than  in  dry  air.  A  strong  sunlight 
increases  the  evaporation  of  water. 

Increase  of  adipose  tissue  diminishes  the  water  lost  at  low  tempera- 
ture, but  greatly  increases  it  at  a  high  temperature.  The  ingestion 
of  water  in  repose  increases  the  amount  of  urine,  but  leaves  the 
evaporation  unchanged.  Alcohol  when  taken  in  considerable  quan- 
tities increases  the  sweat  excretion,  due  to  the  vasodilation  in  the  skin. 
The  evaporation  of  a  liter  of  water  takes  away  from  the  body  580 
calories.  Atwater  and  Benedict  set  down  the  heat  lost  by  evaporation 
during  repose  at  24.5  of  the  total.     In  a  man  with  congenital  defect 
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of  the  sweat  glands  his  temperature  rapidly  rose  to  40-41  degrees  C. 
when  he  did  heavy  manual  labor  or  after  he  sat  for  some  time  in  the 
rays  of  a  summer  sun. 

When  the  body  is  in  nitrogenous  equilibrium  and  more  water  is 
drunk,  then  the  nitrogen  in  the  urine  increases  if  there  is  diuresis, 
because  the  tissues  are  more  thoroughly  washed  out.  In  thirst  the 
consumption  of  oxygen  is  not  increased;  hence  the  diminution  of 
water  does  not  have  any  effect  on  fat  in  obesity.  Thirst  increases  the 
excretion  of  nitrogen. 

Mineral  Substances. 

There  is  neither  any  liquid  nor  any  tissue  which  does  not  produce 
an  ash  upon  calcination.  The  inorganic  salts  are  either  in  solution  or 
combined  with  organic  substances,  notably  proteid.  The  combination 
of  the  various  needful  salts  with  protoplasm,  the  substratum  of  life,  is 
of  the  highest  importance. 

Forster,  of  Strassburg,  is  of  the  opinion  that  certain  combustible 
compounds  of  foodstuffs  and  the  body  tissues,  with  regard  to  which 
there  is  as  yet  little  exact  knowledge,  play  an  important  part  in 
nutrition.  Pigeons  could  be  kept  alive  when  fed  exclusively  on  wheat, 
but  if  the  wheat  were  extracted  with  dilute  acids  the  pigeons  died  in 
from  three  to  four  weeks.  If  the  substances  thus  extracted  were  added 
to  the  treated  wheat,  death  still  occurred.  This  proved  that  the 
elementary  ash  must  be  combined  with  the  cell  in  order  to  be  utilized.* 

The  nature  and  quantity  of  mineral  substances  demanded  by  the 
growth  of  the  child  is  clearly  indicated  in  the  composition  of  milk. 
The  human  body  loses  about  25  granunes  of  mineral  substances  a  day, 
of  which  one-half  is  sodium  chloride,  the  other  half  potassium  sulphate 
and  phosphate;  also  sodium  phosphate  and  sulphate,  lime,  magnesia 
and  a  small  quantity  of  iron.  The  mineral  salts  also  have  a  function. 
The  salts  of  soda  favor  a  solution  of  the  proteid  substances  in  the 
blood.  Iron  is  indispensable;  lime  is  necessary  for  the  coagulation  of 
the  blood,  milk  and  myosin.  Tlie  ions  of  lime  and  potash  and  soda 
combined  in  Dinger's  solution  maintain  the  functional  activity  of  the 
heart  and  contractile  tissues.  The  salts  of  lime  modify  the  irritability 
of  the  central  nervous  system.  The  iodine  in  the  th}Toid  gland  is 
intimately  concerned  in  nutrition. 

Potassium  and  Sodium. — Potassium  is  found  in  all  the  vegetable 
and  animal  cells.  Sodium  is  found  especially  in  the  blood  plasma 
and  in  the  liquids  of  the  organism.     These  two  basic  bodies  are  indis- 

'  British  Me<l.  Jour.,  p.  1077,  1907. 
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QiTbutyriCy  which  can  be  detected  in  the  urine.     Acetone  is  also 
pnaent  in  the  urine  of  severely  diseased  diabetics. 

Flm^horus. — Phosphorus  is  found  in  all  the  cells  in  the  shape 
of  lecithin^  a  nucleo-proteid. 

The  pathway  of  elimination  of  phosphorus  is  mainly  in  the  faeces. 
Phosphorus  can  be  supplied  to  the  body  both  in  inorganic  and  organic 
combinations^  as  both  compounds  can  be  absorbed  from  the  intestines. 
The  average  daily  quantity  of  phosphorus  needed  is  about  two 
grams. 

If  the  supply  of  phosphoric  acid  is  not  sufficient  the  body  is  not 
able  to  limit  the  excretion  of  phosphoric  acid  to  the  same  extent  as  is 
possible  in  the  case  of  chlorine  under  similar  conditions.  In  fasting 
the  body  gives  off  phosphoric  acid  until  the  end.  The  muscles  of  the 
body  contain  nitrogen  and  phosphoric  acid  in  certain  proportions.  A 
certain  relation  exists  between  the  progress  of  excretion  of  nitrogen 
and  of  phosphorus. 

In  man's  muscles  the  relation  between  nitrogen  and  phosphoric 
acid  is  about  as  follows : — 

N  100  X 


=  7.3;    or,    --  =  16.7. 


P,0^         13.7  '       '    P 

CUdnm  and  Kagnesium. — These  bodies  are  excreted  and  absorbed 
by  the  intestines  as  inorganic  compounds.  In  the  feces  there  is  an 
average  of  0.16  grams  of  calcium  and  0.06  grams  of  magnesium 
per  day.  Tigerstedt  calculates  that  a  daily  supply  of  0.3-0.7  grams 
of  calcium  and  of  about  0.4  grams  of  magnesiimi  is  necessary. 

Lime  is  abundant  in  cartilage  and  bone.  Magnesium  predomi- 
nates in  the  blood-corpuscles.  In  the  infant  much  lime  furnished  by 
the  milk  is  used  in  the  development  of  the  skeleton. 

Lime  occurs  in  large  amount  in  milk.  The  only  other  food 
which  has  the  same  amount  as  milk  is  the  yelk  of  egg.  This  latter 
should  be  given  to  children  when  milk  is  not  at  hand  or  not  readily 
digested.     Calcium  is  excreted  chiefly  with  the  succus  entericus. 

Bickets  follows  when  there  is  not  sufficient  calcium  in  the  food, 
and  also  in  cases  where  calcium  is  sufficient  but  the  cells  of  the  bone 
and  tissue  cannot  assimilate  the  lime. 

■ 

The  alkaline  earths,  if  in  too  great  quantity,  may  precipitate  and 
form  hepatic  calculi. 

Chlorine,  Fluorine  and  Iodine. — Chlorine  is  foimd  in  all  the 
tissues,  united  with  potassium,  sodium  and  calcium.  Hydrochloric 
acid  is  an  element  in  the  gastric  juice.  Fluorine  exists  in  bone  and 
the  yelk  of  eggs.     Iodine  exists  in  the  thyroid  gland  as  iodothyrin. 
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8iilplLnT.--^Thi8  is  furnished  especially  by  the  vegetable  and 
animal  proteids.  A  certain  proportion  exists  between  the  total  nitro- 
gen and  the  total  amount  of  sulphur  excreted^  as  protdd  metaboliam 
furnishes  both.  For  one  gram  of  sulphur^  fourteen  to  sixteeB 
grams  of  nitrogen  are  excreted. 

Iron. — Such  compounds  of  iron  as  are  contained  in  nuclein  found 
in  the  yelk  of  egg  have  been  termed  by  Bunge,  hcemaiogens.  In  the 
chick  the  developing  red  corpuscles  obtain  their  iron  from  it.  Inm  n 
absorbed  through  the  duodenum  and  excreted  mainly  through  the 
mucous  membrane  of  the  colon.  Inorganic  and  organic  combinationi 
of  iron  are  absorbed.  Iron  is  deposited  in  lymph-ganglia,  spleen  and 
liver. 

The  Aim  of  AlimenUtion. 

Alimentation  has  for  its  end  (1)  to  furnish  materiak  for 
catabolism,  and  (2)  to  furnish  suitable  products  for  anabolism.  That 
is,  to  replace  and  rejuvenate  the  organized  substances  which  are 
destroyed  in  the  former  process. 

To  know  what  are  the  foods  which  the  body  needs,  it  bcjcomea 
necessary  to  study  the  substances  which  undergo  anabolism  and 
catabolism.  It  is  these  substances  which  must  enter  into  our  daily 
nourishment.  These  two  processes  ensue  in  ^  all  of  the  .substanoeB, 
without  any  exception,  which  compose  the  organism.  Hence,  all  the 
principles  of  which  the  economy  is  composed  are  indispensable  in 
food :  water,  proteids,  fat,  carbohydrates  and  salts. 

Foods. — Each  one  of  these  principles  taken  in  an  isolated  manner 
is  not  a  complete  food,  since  it  is  not  able  to  replace  its  neighbor. 
Thus,  water  is  as  necessary  a  food  as  is.proteid,  but  yet  water  is  not 
a  complete  food. 

A  food  is  any  product  which  is  capable  of  being  transformed  into 
a  proximate  principle  of  the  organism,  or  capable  of  at  least  diminish- 
ing or  preventing  the  destruction  of  this  principle.  Hence,  a 
complete  food  is  the  sum  of  the  food-products  capable  of  preserving  or 
augmenting  the  sum  of  the  proximate  principles  of  which  the  organism 
is  composed. 

The  fundamental  principles  which  enter  into  the  chemical  com- 
position of  the  human  body — ^water,  proteids,  fats,  carbohydrates  and 
salts — are  in  themselves  composed  of  simple  elements :  0,  H,  C,  S,  N, 
P,  CI,  K,  Na,  Mg,  Fe,  silicon  and  fluorin. 

Will  these  simple  elements,  upon  ingestion,  become  converted  into 
complex  principles  and  so  constitute  foods  ? 

.  They  will  in  the  case  of  the  plant,  for  it  is  able  to  form  a  coniplex 
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frame  by  the  aid  of  simple  elements.  The  plant  is  a  synthetic  labora- 
tory of  chemistry.  But  this  is  not  true  of  the  animal  organization. 
The  latter  is  incapable  of  anabolism  and  life  except  by  the  aid  of 
complex  food-combinations  such  as  have  been  formed  by  the  plant. 
Contrary  to  the  plants  the  animal  is  a  laboratory  of  analytical 
chemistry.  The  animal  can  only  form  by  synthesis  combinations  of  a 
low  degree,  as  water,  benzoic  acid  and  ammonia,  which  cannot  be  built 
up  in  the  animal.  But  the  plant  can  take  H,  0,  CO2  and  N,  and  from 
them  make  complex  and  elevated  combinations. 

Balance  of  Nutritive  Exciiange. 

To  ascertain  the  balance  of  nutritive  exchange,  a  comparison  is 
made  between  the  ingesta  and  egesta:  between  the  gains  and  losses. 
The  ingesta  consist  of  food  and  oxygen ;  the  egesta  of  various  excreta 
and  of  the  carbon  dioxide  and  water  lost  by  the  lungs  and  skin.  When 
the  ingesta  equal  the  egesta  and  the  organism  neither  gains  nor  loses 
weight,  there  is  a  complete  nutritive  equilibrium. 

A  balance  of  water  is  made  by  giving,  upon  the  one  side,  the 
(]uantity  of  water  ingested  by  the  foods  and  drinks ;  upon  the  other, 
the  quantity  of  water  eliminated  by  the  stools,  urine,  skin  and  lungs. 
As  the  hydrogen  contained  in  the  food  is  oxidized  and  transformed 
into  water,  it  is  evident  that  in  a  state  of  equilibrium  the  quantity  of 
water  eliminated  will  be  much  greater  than  that  ingested.  By  com- 
paring the  water  ingested  with  the  water  egested,  it  is  found  how 
much  oxygen  serves  to  bum  the  hydrogen. 

Definite  enough  information  is  obtained  regarding  the  balance 
of  metabolism  if  the  nitrogen  and  carbon  only  are  determined  in  the 
ingesta  and  egesta. 

The  balance  of  proteid  is  made  by  a  comparison  of  the  nitro- 
gen ingested  with  that  egested,  for  the  amount  of  nitrogen  permits  us 
to  know  the  quantity  of  proteid,  since  100  parts  of  proteid  contain  16 
parts  of  nitrogen.     The  nitrogen  eliminated  is  found  in  the  urine. 

Nearly  all  of  the  proteid  that  is  destroyed  is  found  in  the  form 
of  urea,  uric  acid,  creatinin  and  hippuric  acid  in  the  urine.  There 
is  also  found  in  the  stools  proteid  which  has  not  been  digested  nor 
absorbed  along  the  digestive  tract.  A  part  of  the  nitrogen  is  elimi- 
nated by  the  desquamation  of  hairs,  nails  and  epidermis.  But  it 
usually  suffices  to  determine  the  amount  of  nitrogen  in  the  stools  and 
urine. 

If,  in  making  up  the  balance,  it  be  found  that  the  ingesta  have 
more  than  equaled  the  egesta,  it  is  concluded  that- there  has  been  an 
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anabolism  of  nitrogen.  On  the  other  hand,  should  the  egesta  conttii 
more  nitrogen  than  the  ingesta,  then  tliere  has  been  a  caiabdism  of 
proteid.  Should  the  income  and  the  output  be  equal,  it  is  concluded 
that  there  is  a  state  of  nitrogenous  equilibrium. 

The  carbon  contained  in  the  foods  and  organized  tissues^  and 
which  is  destroyed  by  catabolic  phenomena,  is  eliminated  by  the  skin 
and  lungs  under  the  form  of  CO29  by  the  urine  and  stools  under  the 
form  of  carbonated  organic  compounds.  From  tlie  comparisoDs  of 
the  ingesta  and  egesta  it  is  ascertained  whether  there  is  carbon 
anabolism,  catabolism  or  equilibriimi. 

Proteids,  fats  and  carbohydrates  all  contain  carbon;  so  that 
if  there  be  a  gain  or  loss  of  carbon  it  may  be  from  the  proteids,  fats 
and  carbohydrates.  To  arrive  at  some  solution,  it  becomes  neceaaaij 
to  calculate  the  quantity  of  nitrogen  eliminated.  Every  hundred  paitB 
of  proteid  contain  53.6  parts  of  carbon  and  16  parts  of  nitn^eo.  If 
it  be  known  how  much  proteid  has  been  destroyed  nothing  is  easier 
than  to  calculate  tlie  quantity  of  carbon  which  belongs  to  it.  The 
remaining  carbon  that  is  eliminated  must  belong  to  the  fats  aod 
carbohydrates. 

All  of  the  carbohydrates  ingested,  except  those  stored  ip  ai 
glycogen,  are  burned  up  in  the  metabolism  of  the  tissues  and  their 
carbon  found  in  the  excreta.  Hence,  by  calculating  the  quantity  of 
carbon  which  is  foimd  in  the  ingested  carbohydrates,  one  finds  what 
quantity  of  carbon  eliminated  belongs  to  the  decomposition  of  the 
carbohydrates.  If  there  be  an  excess  of  carbon  it  must  come  from  the 
fats,  since  the  latter  contain,  as  a  mean,  76.5  per  cent,  of  carbon.  By 
multiplying  the  surplus  of  carbon  by  1.3,  there  is  found  the  quantity 
of  fat  which  is  gained  or  lost. 

By  nitrogen  equilibrium  we  mean  the  condition  of  man  when  the 
nitrogen  of  the  egesta  is  equal  to  the  nitrogen  of  the  ingesta,  and  this 
is  the  normal  state  of  man  when  properly  nourished.  If  the  nitrogen 
of  the  ingesta  is  increased,  or  even  in  excess,  it  is  not  deposited  in  the 
tissues,  but  after  a  short  time  is  excreted,  the  man  eating  more  and 
excreting  more. 

By  carbon  equilibrium  is  meant  a  condition  in  man  where  the 

total  carbon  of  the  excreta  is  equal  to  the  carbon  taken  in  in  the 

ingesta. 

Nitrogen  Equilibriam. 

The  quantity  of  proteid  food  to  preserve  nitrogenous  equilibrium 
varies  with  the  state  of  the  body;  a  thin  man  needs  less  than  a 
muscular  and  well-nourished  one. 
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A  body  can  be  maintained  by  proteid  food  alone  in  a  state  of 
mtrogen  equilibrium.  If^  however^  you  add  nonproteid  foods,  it  is 
teen  that  the  amount  of  proteid  necessary  to  nitrogen  equilibriimi  can 
be  lessened;  hence  the  nonproteid  foods  are  sparers  of  proteid.  Hence 
yon  decrease  the  proteid  food  and  increase  the  nonproteid  food^  yet  the 
body  does  not  lose  more  proteid  than  before^  and  nitrogen  equilibrium 
continues  as  before.  The  proteids  develop  energy  by  oxidation, 
especially  that  form  manifested  in  the  sliape  of  heat,  and  also  recon* 
stitote  the  protoplasm.  But  the  nonproteid  foods  can  also  develop 
heat  and  work,  and  thus  can  substitute  for  the  proteid  foods  in  part. 

Hence  an  animal  may  be  kept  in  nitrogen  equilibrium  on  a  much 
amaller  amount  of  proteids,  provided  fats  or  carbohydrates  are  eaten. 

When  a  fat  animal  takes  proteid  in  large  amounts,  then  the 
destruction  of  fat  is  increased ;  and  if  there  is  hardly  any  fat  in  the 
foody  the  fat  stored  up  in  the  animal  will  lessen. 

Each  increase  of  proteid  ingested  produces  a  rise  in  proteid  metab- 
olism;  hence  a  nitrogen  equilibrium  can  be  obtained  on  the  many 
different  amounts  of  proteid.  The  body  is  unable  to  store  any  large 
quantity  of  proteid. 

If  a  person  living  on  a  diet  which  will  keep  up  equilibrium  with 
the  proteids  undergoing  complete  metabolism,  then  increasing  the 
nonnitrogenous  food  in  the  diet  will  cause  some  of  the  protein  to 
remain  stored  in  the  body.  If  with  sufficient  diet  a  large  quantity  of 
carbohydrates  be  dispensed  with  in  the  diet  the  protein  destruction  is 
increased;  the  body  then  seizes  upon  its  own  protein  and  the  stored 
fata  and  carbohydrates. 

Other  conditions  being  equal,  the  amount  of  nitrogen  eliminated 
depends  upon  the  richness  of  fat  in  the  tissues ;  a  fat  animal  eliminates 
less  nitrogen  than  a  lean  one.  In  case  of  a  food  exclusively  of  fat 
there  is  a  very  small  diminution  in  the  elimination  of  nitrogen.  In  the 
case  of  a  food  exclusively  of  carbohydrates  there  is  always  an  appreci- 
able elimination  of  nitrogen.  Hence  the  body  eliminates  nitrogen 
whatever  may  be  the  food  qualitatively  or  quantitatively.  Hence,  to 
maintain,  a  body  in  nitrogenous  equilibrium  it  is  necessary  to  give 
proteid. 

The   quantity   of   meat   which    an    animal    can    decompose   in 
nitrogenous  equilibrium  has  two  limits,  a  lower  limit  and  a  superior 
limit,  which  represent  the  greatest  quantity  of  meat  which  the  animal    j 
18  able  to  ingest,  digest  and  absorb  without  causing  trouble.     These  two 
limits  are  difficult  to  fix,  as  the  lower  limit  depends  on  the  state  of    *; 
fat  and  carbohydrates  in  the  tissues  and  the  superior  limit  upon  the 
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number  of  meals  and  the  state  of  the  digestive  apparatus.    Nitrogen 
equilibrium  can  be  established  by  proteoses. 

Phosphorus  and  thyroid  extract  increase  the  elimination  of 
nitrogen. 

In  making  a  nitrogen  equilibrium  the  substitution  of  carbo- 
hydrates for  fats  always  acts  better  on  the  nitrogen  balance  than  the 
substitution  of  fats  for  carbohydrates.  Forced  feeding  by  the 
addition  of  proteid  increases  the  storage  of  proteid  material  in  the 
body.  Hence  in  wasting  diseases  of  the  body  large  amounts  of  proteid 
with  some  nonnitrogenous  food  must  be  given  if  the  proteids  and 
fats  are  to  be  increased. 

Chittenden  states  that  if  an  animal  is  in  a  state  of  nitrogen 
equilibrium  by  excessive  proteid  feeding,  if  suddenly  given  a  small 
amount  of  meat  per  day  it  tends  to  put  out  nitrogen  from  its  tissues. 
This  tissue  loss  increases  slowly,  and  eventually  the  animal  is  quite 
likely  to  establish  nitrogen  equilibrium  at  a  lower  level.  In  other 
words,  there  is  a  strong  tendency  for  the  body  to  pass  into  a  conditioa 
of  nitrogen  balaiice  under  different  conditions  of  proteid  feeding. 

When  proteid  is  taken  in  a  body  in  nitrogen  equilibrium,  t 
part  goes  to  the  repair  of  the  organized  proteid  which  is  breaking 
down,  another  part  will  replace  the  unorganized  proteid  which  his 
been  catabolized,  whilst  the  remainder  remains  in  the  tissues  as 
unorganized  proteid  to  be  used.  There  is  no  reason  to  think  that  any 
proteid  is  stored  in  the  shape  of  extractives. 

In  the  retention  of  proteid  in  a  surplus  of  proteid  diet,  in  the 
adult,  there  is  here  an  increase  in  volume  of  the  individual  cells  of 
proteid  and  not  an  increase  in  their  number.  This  increase  of  proteid 
in  the  body  from  a  surplus  of  proteid  does  not  remain  when  the  person 
returns  to  his  usual  diet. 

Alcohol  can  be  substituted  for  equivalent  quantities  of  caibo- 
hydrates  or  fats;  that  is,  can  protect  them  from  oxidation.  The 
utilization  of  the  different  foodstuffs  is  not  affected  by  alcohol. 
Alcohol  spares  proteid  less  than  carbohydrates  when  both  are  given 
in  iso-dynamic  quantities,  but  we  do  not  use  alcohol  to  spare  the 
proteid  but  the  fat  of  the  body. 

When  the  nitrogen  excreted  is  at  constant  leVfel  and  more  water 
is  drunk,  if  diuresis  ensues  more  urinary  nitrogen  is  excreted.  Here 
the  nitrogen  in  the  urine  is  increased  because  the  tissues  are  more 
thoroughly  washed  out.  It  is  a  flushing  of  the  nitrogenous  end- 
products  and  not  an  unusual  breaking  up  of  proteid.  The  lessening 
or  withdrawal  of  water  did  not  cause  an  increase  in  the  consumption  o( 
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oxygen^  JThe  extractives  in  the  organs  without  fat  are  increased  by 
i      thirst. 

[  An  Example  of  Nitrogen  Equilibrium  Witliout  Carbon 

[  Equilibrium. — (Arthus.) 

E:,  Ingeata. 

i  N.  C. 


137  gr.  proteids 19.5 

117  gr.  fats 0     \         315.6 

352  gr.  carbohydrates 0 


0     J 


10.5  315.5 

I  Eg€8ta. 

\  N.  C. 

LMne  17.4  12.6 

!  Faces   2.1  14.5 

Respiration  0  248.6 

19.5  275.7 

An  Example  of  Nitrogen  and  Carbon  Equilibrium. — (Arthus.) 

Ingeata, 

N.  C. 

100  grams  proteids 15.5  53.0 

100  grams  fats 0  79.0 

260  grams  carbohydrates 0  93.0 

15.5  225.0 

Egeata. 

N.  C. 

Urine  14.4  6.16 

Faces  , 1.1  10.84 

Respiration   0  208.00 

15.5  225.00 

In  an  animal  receiving  an  excess  of  carbon  and  nitrogen  up  to  the 
point  that  catabolism  equals  anabolism^  there  is  a  greater  deposit  of 
both  in  the  body  the  greater  the  amount  of  food  given.  There  is  thus 
a  remarkable  adaptation  of  the  body  to  the  diet  which  it  receives,  and 
the  more  or  less  rapid  realization  of  the  nitrogen  and  carbon 
equilibrium. 

Example  of  a  Metabolism  Experiment,  talcen  from  Atwater. 

The  following  table  after  Atwater  contains  a  summary  of  the 
ingesta  and  excreta  in  an  experiment  with  mixed  food.  Tlie  experi- 
ment lasted  four  days,  the  subject  being  a  man  thirty-two  years  of  age 
and  of  about  64  kilograms  body-weight,  who  remained  as  quiet  as 
possible  throughout  the  experiment. 
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Jngesta^  mean  weight  in  g.  per  day 


Articles  of  Diet 

Total 
weight 

Water 

Proteid 

Fat 

Carbohy- 
drate 

N. 

C. 

•5o« 

Meat 

160 
70 

450 

50 

64 

SO 

1,500 

310 

105.6 
7.4 

405.9 
2.9 

44.5 
0.8 

17.1 
5.5 

6.7 

59.9 

0.5 

4.2 

22.5 
86.5 
64.0 
28.8 

7.1 
0.1 
2.8 
0.9 

"0.8 

28.4 

4i 

Butter 

Skimmed  milk 

Maize, breakfast  food 
Suirar 

48.8'      7.1 
19.6,      18 
22.4      Si 
26.9      4i 

Pepper  Cake 

Water  . .   . . 

1.4 

1,500.0 

129.8 

2.0 

2.5 

18J 

10 

Bread 

24.5 

8.7 

148.5 

8.0 

84.7 

117 

Total 

2,634 

2,152.5 

94.4 

82.5 

289.8 

15.1 

28O.0I    Mi 

ExcreU 

Faces '       54.7 

Urine 1,449.5 

Resoiration  and  skin  -  - 

1,  mean  weight  in  g,  per  day 

40.6'       5.41       8.7        8.2 
1,408.1  

0.9 
16.2 

7.4 

12.2 

20741 

1.0 
Si 

962.8 

Total 

2,406.5 

1 
1 

17.1 

826.9 

4i 

Balance 

—  254.0 

—  2.0  -f  12.1 

+  S1.7 

''If  we  consider  the  faeces  as  pure  loss^  the  body  has  dispoeed  of 
(94.4  g.  ingested  —  5.4  g.  excreted  =)  89.0  g.  proteid  containing 
(16.2  —  2.0  =  )  14.2  g.  N,  besides  (82.5  —  3.7  =  )  78.8  g.  fat,  and 
(289.8  —  3.2=)  286.6  g.  carbohydrates.  In  the  urine  16.2  g.  N 
were  given  off ;  but  2.0  g.  of  the  N  have  come  from  the  body  itself— 
i.e.,  (6.25  X  2=  )  12.5  g.  of  the  body's  proteid  has  been  lost.  The 
total  proteid  metabolism,  therefore,  has  been  (89  g.  +  12.5  =  )  101.5 
g.  (or  16.2  X  6.25). 

'The  ratio  of  N  to  C  contained  in  proteid  is  1 : 3.28.     In  th 
proteid  destroyed  by  this  man  therefore  there  were  3.28  X  16.2  =  5?.l 
g.  C.    The  total  quantity  of  C  eliminated  in  the  respiration  and  ii?  the 
urine  was  219.5  g. ;    there  remain  166.4  g.  which  must  have  been 
derived  from  nonnitrogenous  food. 

"Of  carbohydrates  286.6  g.  (289.8  ingested  —  3.2  excreW)  were 
absorbed  from  the  intestine,  and  this  by  calculation  was  foimd  to  have 
contained  124.7  g.  C.  Now  we  shall  see  later  that  carbohydrates  burn 
in  the  body  more  easily  than  fat.  We  therefore  deduct  first  the  C 
belonging  to  carbohydrate.  This  leaves  41.7  g.  C  (166.4  — 124.7) 
which  must  have  come  from  fat — i.e.,  since  the  tut  used  contained 
about  seventy-six  per  cent  C,  54.6  g.  fat  were  burned  in  the  body. 

"We  conclude  that  the  body  has  decomposed  a  mean  quantity  of 
101.5  g.  proteid,  54.6  g.  fat  and  286.6  g.  carbohydrate  per  day.    Com- 
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parison  with  the  ingesta,  having  regard  to  the  C  resulting  from  proteid 
destroyed^  shows  that  the  body  has  lost  12.5  g.  of  its  proteid  but  has 
stored  up  24.2  g.  fat,  containing  12.2  +  6.5  g.  C.*'     (Tigerstedt.) 

Fasting. 

After  the  first  day  of  fasting  hunger  is  felt,  but  it  shortly  vanishes. 
Water  is  not  very  necess^iry,  and  man  in  fasting  gives  out  more  water 
than  he  takes  in.  The  pulse  decreases,  the  temperature  of  the  body 
stands  at  normal  until  the  last  few  days  before  death  by  starvation. 
The  weight  of  the  body  gradually  lessens.  During  the  first  day  of  the 
fast  the  glycogen  disappears.  In  man  with  an  abundant  supply  of  fats, 
the  destruction  of  proteid  gradually  declines  day  by  day.  In  animals 
scantily  fed  after  a  temporary  fall  of  proteid  metabolism  there  ensues 
a  rise  of  metabolic  changes  of  proteid.  At  the  end  of  a  fast  when 
food  is  given  the  body  lays  down  proteid  and  fat  in  large  quantities. 
In  fasting  the  body  lives  upon  its  own  substance. 

Benedict  has  recently  made  a  thorough  study  of  the  effect  of 
starvation  on  man.  The  daily  loss  of  weight  was  from  44  grams  to 
1.7  kilograms.  The  body-temperature  in  general  remained  practically 
constant  during  fasting,  with  a  smaller  amplitude  of  the  curve  than 
usually  is  the  case  with  man  consuming  food  even  under  like  condi- 
tions of  muscular  activity.  In  the  thirty  days  of  a  fast  by  Succi  the 
temperature  was  normal.  The  temperature  only  falls  a  few  days  before 
death.  The  pulse-rate  as  the  fast  progressed  showed  a  distinct  tend- 
ency to  fall.  The  blood  examination  showed  (1)  a  progressive 
average  fall  in  the  number  of  erythrocytes;  (2)  a  corresponding 
diminution  in  the  percentage  of  haemoglobin;  (3)  a  relative  progres- 
sive fall  in  the  percentage  of  leucocytes  in  the  prolonged  fast.  But 
there'was  no  remarkable  effect  of  fasting  on  the  relative  percentage  of 
the  various  types  of  leucocytes.  Tests  of  strength  showed  a  noticeable 
falling  off  when  determined  by  the  dynamometer.  The  nitrogen  out- 
put varied  considerably  from  5.8  grams  on  the  first  day  of  one 
experiment  to  15.  grams  on  the  third  day  of  another  experiment. 
The  output  of  nitrogen  was  rarely  below  10.5  grams  per  day.  Of 
special  significance  is  the  fact  that  the  nitrogen  excretion  on  the 
second  day  was  on  the  whole  much  greater  than  on  the  first.  Of 
great  significance  is  the  fact  that  while  the  quantities  of  preformed 
creatinin  increased  as  the  fast  progressed,  the  total  creatinin 
remained  singularly  constant.  From  the  first  two  days  the  uniformity 
in  the  carbon  elimination  was  striking;  as  the  fast  progressed  there 
was  a  rather  persistent  decrease  in  the  output  of  carbon  dioxide. 
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'  The  amount  of  heat  produced  during  Benedict's  experimoit  m 
not  far  from  S,000  calories  on  the  first  two  davB  of  the  fut  Oi 
the  whole  there  was  a  slight. iocreaee  ia  the  amount  produced  ontki 


Fig.  1T8C' — Catolwliein,  Heat  Production,  snd  FuIm  Bate  Dariiig 
a  Seven  Day  Fast.     (Benedict.) 

second  day  of  fasting,  but  in  the  experimente  which  continued  be] 
two  daya  there  was  a  tendency  for  the  heat-production  to  decreat 
the  fast  progreBsea.  The  lowest  measured  amount  was  1,648  c«l< 
on  the  fifth  day  of  the  second  experiment,  which  was  probably 
[J  heat-production  of  this  subject  during  fasting. 
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'he  quantity  of  proteid  metabolism  in  starvation  ilepcnde  npon  the 
it  of  fat  in  the  body.  Id  the  fast  of  Succi,  Luciani  found  that  a 
CT  excretion  of  16.23  grams  (locrenned  on  the  first  day  of  fasting 


Pig-  lT8d' — Ciktabolism  During  a  Si^vin  Dhv  KuhI.      (BEnSDiCT.) 

i,  on  the  Beventeenth  day  to  7.8  grams,  on  the  twenty-second  day 
S  grams,  on  the  twenty-eighth  day  to  5.6  grams, 
'aton  gives  the  following  table  to  show  that  during  the  first  day 
)  of  a  fast  the  individual  uses  proteids  and  fats  as  usual,  but 
illy  he  uses  less  and  less  proteid  each  day.  This  was  the  caw;  in 
rt  for  thirty  da}'8  by  Succi : — 
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Day  of  Fa9i.  Proieid  in  Cframs.  Fat  Uted. 

1                                          104  Not  estimated 

10                                           61  170 

20                                             33  170 

29                                           31  163 

Here  the  stored  fats  were  the  chief  source  of  energy. 

In  starvation  the  heart  wastes  but  little — it  lives  upon  the  pro- 
teids  in  the  tissues ;  the  central  nervous  system  loses  3  per  cent  o{ 
its  weight ;  97  per  cent,  of  the  fat  is  used  up,  and  the  muscles  loee  30 
per  cent,  of  their  weight.  If  a  starving  man  is  suddenly  supplied 
with  proteid  food,  the  man  is  imable  to  avail  himself  of  the  proteid 
so  abundantly  supplied,  for  only  a  small  part  of  the  proteid  ingested 
is  retained  or  stored  up.  Hence  the  fasting  man  can  replace  his  pro- 
teid losses  in  a  slow  manner,  even  when  he  has  an  abundance  of  meat 

Composition  of  the  Body. 

An  analysis  of  a  body,  as  a  whole,  is  represented  as  follows:— 

Water 64  per  cent, 

Proteids  16  per  cent. 

Fat    14  per  cent 

Salts  . .    5  per  cent. 

Carbohydrates 1  per  cent 

The  constituents  of  the  body  must  be  constantly  replaced  by 

foods.     To  determine  the  quantity  of  the  different  foods  required,  is  a 

study  of  diets. 

Diet. 

The  diet  of  a  healthy  man  has  for  its  aim  not  only  to  cover  any 
deficit  without  catabolism  ceasing  and  of  maintaining  the  system  in  a 
state  of  integrity  indispensable  to  its  physiological  functions.  It  also 
must  furnish  to  the  organism  a  certain  food  reserve  so  that  the  body 
will  not  lose  its  own  proper  tissue.  To  ascertain  exactly  the  quantity 
of  nourishment  necessary  to  keep  the  body-weight  the  same,  it  is 
necessary  to  have  recourse  to  experiments. 

Proteids  contain  about  16  per  cent,  nitrogen. 

52         "  carbon. 

7         **  hydrogen. 

23         "  oxygen. 

0.5      "  sulphur. 

Carbohydrates  contain  carbon 44      per  cent. 

hydrogen..- 6.2         " 

oxygen 49.4        *' 

Fats  contain  carbon 76.6  per  cent. 

hydrogen 1 1.9         " 

oxygen llJi         ** 
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Basal  Requirements. 

The  basal  energy  exchange  is  inversely  proportional  to  the  weight 
A  the  body  and  directly  proportional  to  the  body  surface.  The  con- 
dition of  the  body  also  has  an  influence  on  the  basal  requirement.  Any 
special  consumption  of  either  fat  or  carbohydrate  in  the  body 
metabolism  is  indicated  at  once  by  a  corresponding  change  in  the 
respiratory  quotient. 

The  Energy  Requirement  of  an  Adult. 

The  minimal  requirement,  according  to  Atwater,  for  a  man  at  rest 
i^  1^^241  calories.  Hence  a  ration  which  does  not  supply  2,000  calories 
net  must  be  inadequate  for  a  laborer,  for  a  waste  of  10  per  cent,  must 
be  deducted  from  the  calculation  in  determining  the  net  requirement. 

In  an  atmosphere  of  a  temperature  of  from  30  to  35  degrees  C. 
the  minimal  requirement  for  energy  is  seen.  The  effect  of  temperature 
on  metabolism  is  not  due,  according  to  Voit,  to  rigors  or  to  increased 
respiratory  muscular  activity.  He  believes  it  to  be  the  reflex  stimulus 
of  cold  on  the  skin  which  raises  the  metabolic  activity  of  the  muscles. 

The  amido-acids  resulting  from  the  breaking  up  of  proteids  are 
equivalent  in  metabolism  to  the  ingested  proteid  itself. 

As  regards  the  effect  of  temperature  on  metabolism,  Buhner  gives 
two  laws,  which  have  been  summarized  by  Lusk : 

First. — ^The  first  law  is  that  within  limits  normally  compatible 
with  life,  warm-blooded  animals  are  capable  of  adapting  themselves  to 
change  in  external  temperature  through  a  reflex  increase  or  decrease 
of  activity  of  their  heat-producing  apparatus.  For  every  state  of 
body  substance  and  for  every  temperature  of  the  environment  there 
is  a  definite  amount  of  heat-loss  to  which  the  organism,  with  the  aid 
of  its  heat-regulating  apparatus,  tends  to  approach. 

Second. — ^The  second  law  is  that  physical  regulation  can  never 
enter  as  a  factor  unless  the  conditions  of  the  first  law  are  fully 
satisfied ;  that  is,  imtil  the  heat-production  equals  the  requirement 
of  the  organism.  If,  however,  the  heat-production  be  greater  than 
corresponds  to  the  minimal  requirement  for  that  temperature,  then  the 
heat-production  within  certain  limits  remains  independent  of  the 
temperature.  Under  these  circumstances  the  heat-production  does  not 
decrease  on  raising  the  external  temperature,  and  only  increases  when, 
through  increasing  cold,  the  former  heat-production  no  longer  covers 
the  minimal  requirement  of  the  organism  for  heat. 

The  second  law  explains  why  in  certain  cases  after  food  ingestion 
the  carbon  dioxide  excretion  may  remain  constant  with  changing 
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temperatures.  The  increased  heat-production  on  account  of  the 
specific  dynamic  action  of  the  proteid  was  lost  through  the  increand 
evaporation  of  water. 

To  determine  the  energy-value  of  foods  it  is  necessary  to  admit 
that  the  proteids^  fats  and  carbohydrates  undergo  complete  combustioD, 
the  fats  producing  carbonic  acid  and  water,  the  proteids  carbonic  add, 
water  and  urea.    The  mean  value  is  expressed  in  calories : — 

One  gram  of  fat  when  burned  produces  about  9.3  Calories. 
One  gram  of  proteid  when  burned  produces  about  4.1  Calories. 
One  gram  of  carbo-hydrates  when  burned  produces  4.1  Calories. 
One  gram  of  alcohol  when  burned  produces  7  Calories. 

One  large  kilogram  calorie  equals  100  small  calories.  The  large 
Calorie  is  written  with  a  capital  C ;  the  small  gram  calorie  with  i 
small  c. 

Isodynamic  Equivalent. — Buhner  has  shown  that  the  different 
organic  materials  for  food  can  replace  one  another  in  isodynamk 
quantities ;  that  is,  in  quantities  which  yield  equal  amounts  of  calories. 
The  ratio  or  isodynamic  equivalent  is  as  9.3  to  4.1,  or  2.3  to  1.  Hence 
one  part  of  fat  can  be  used  instead  of  2.3  parts  of  carbohydrates  as 
sugar. 

Prom  the  point  of  energy-value,  100  grams  of  fat  are  equal  to 
about  225  grams  of  proteids  or  carbohydrates.  In  this  way  we 
calculate  the  energy-value  of  our  foods.  A  great  number  of  analyses 
have  shown  that  about  10  per  cent,  of  the  foods  are  not  absorbed; 
hence  some  calories  are  lost,  and  must  be  noted  in  making  up  the 
number  of  calories  needed  in  making  out  a  diet  table. 

In  the  natural  diet  of  the  average  man  the  carbohydrates  repre- 
sent two-thirds  of  total  energy  and  the  other  third  represents  in  equal 
parts  the  proteids  and  fats.  This  division  of  energy  from  the  three 
kinds  of  food  is  the  same  for  a  person  who  rests  or  who  does  work. 
This  is  a  remarkable  fact,  and  indicates  that  the  organism  is  able  by 
work  to  utilize  these  three  kinds  of  food,  25  per  cent,  of  which  energy 
is  transformed  into  mechanical  work,  and  75  per  cent,  of  which 
energy  is  transformed  into  heat. 

At  different  periods  of  life  (1)  the  proportion  of  proteid 
remains  nearly  constant  in  the  diet;  (2)  in  the  nursling  the  fats  in 
the  diet  give  half  the  total  energy  in  the  nursling,  in  the  infant  a  third 
and  in  the  adult  a  sixth;  (3)  the  carbohydrates  furnish  a  third  of 
the  total  energy  for  the  nursling,  a  half  for  the  infant  and  two-thirds 
for  the  adult. 

In  order  to  establish  a  rational  diet  for  a  man  we  must  remember 
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the  iBodynamic  principle  of  foods  that  haye  the  same  caloric  value. 
It  Buffices  to^umish  the  organism  with  a  sufficient  number  of  calories^ 
provided  three  conditions  are  fulfilled:^  (1)  It  is  necessary  to 
determine  the  digestibility  of  the  food,  for  only  the  absorbed  foods 
furnish  the  energy ;  (2)  it  is  necessary  to  count  the  need  of  a  minimum 
of  nitrogen;  (3)  the  quantity  of  food  ingested  should  not  exceed  the 
digestive  capacity  and  cause  trouble.  A  man  cannot  live  exclusively 
on  meat,  for  after  many  days  there  will  be  vomiting  and  diarrhoea ;  a 
man  cannot  eat  potatoes  alone,  for  the  quantity  ingested  would  be  such 
that  the  digestive  tract  would  not  tolerate  it.  Suppose  it  is  necessary 
to  give  a  diet  which  will  furnish  2,700  calories,  and  as  one-tenth  will 
not  be  absorbed,  we  will  have  to  furnish  a  food  whose  caloric  value  is 
3,000.  In  giving  him  100  grams  of  proteids  we  will  satisfy  greatly  his 
need  of  nitrogen;  these  100  grams  correspond  to  410  calories.  Still 
we  need  2,599  calories,  which  we  can  furnish  by  278  grams  of  fat  or 
632  grams  of  carbohydrates,  or  a  convenient  mixture  of  fats  and 
carbohydrates. 

In  determining  the  proportion  of  fats  and  carbohydrates  we  must 
note  the  following  facts:  (1)  The  digestive  tract  does  not  work  well 
with  large  doses  of  fats,  it  supports  better  carbohydrates;  (2)  on  the 
other  hand,  the  carbohydrates  are  less  costly  than  fats.  Hence  it  is 
practically  advantageous  to  diminish  the  quantity  of  fats  and  increase 
the  carbohydrates.  In  practice  we  usually  take  one  gram  of  fat  to  ten 
grams  of  carbohydrates  in  the  food  of  poor  people,  and  one  gram  of 
fat  to  five  grams  of  carbohydrates  in  the  diet  of  wealthy  people. 
Hence  to  furnish  the  2,700  calories  demanded  we  would  use  the 
following  diet : — 

100  gr.  proteids 410.0  calories. 

65  gr.  fats  511.5 

507  gr.  carbohydrates 2078.7 

3000.2         (Abthus.) 
Loss  of  10  per  cent. 300.0 

2700.2 

Dr.  W.   S.   Hall's  balance  sheet  for  man  at  light  work  is  as 

follows : —  Income 

in  calories. 

Proteids 110  grams  x  4100    461,000 

Fiat 100  gramsx9400    940,000 

Carbohydrates 400  grams  x  4180    1,672,000 


«  Arthus:     "Elements  de  Physiologic,"  1906. 


3,063,000 
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Eipeoditore: — 

Szpenditun 
in  calories. 

1.  Mechanical  work,  212.750  kilogram  meters..      500.00 

(425.5  gram  meters  equivalent  to  a  calorie.) 

2.  Heat  lost  in  2340  grams  of  excreta 58.500 

(Cooling  from  37**  C.  to  12^  C;  2340x26.) 
3  Heat  required  to  warm   13,000  grams  of  air 

from  12*  C.  to  37^  C 84JH)0 

Specific  heat  of  air,  0.26: 
(13.00x25x0.26.) 

4.  Evaporating  330  grams  of  water  from  lungs. .      102.000 

(1  gram  requires  .582  calories.) 

5.  Evaporating  660  grams  of  water  from  skin . .      384.000 

6.  Radiation  and  conduction  from  &kin,  about. .      184.000 

3,063.000 

Atwater  concludes  that  the  energy  requirements  of  the  diet  vary  as 

follows : — 

Calories. 

Man  without  muscular  work 2700 

Man  with  light  muscular  work 3000 

Man  with  moderate  muscular  work 35(X> 

Man  with  severe  muscular  work 4500 

Chittenden  made  experiments  upon  soldiers  and  athletes  for  Bix 
months.    The  118  grams  of  proteid  necessary  per  day,  according  to 
Voit,  means  at  least  16  grams  of  nitrogen  in  the  urine,  when  this  food 
is   metabolized   in   the   form   of   urea,   uric  acid   and   purin  bases. 
Minkowski  has  shown  that  adenin,  one  of  the  purin  bases  found  in  the 
breaking  down  of  cell-nuclei,  has  a  marked  toxic  action  on  dogs  and 
man.     It  has  a  local  action  on  the  kidneys,  giving  rise  to  deposition  in 
the  kidney  itself  of  spheroliths  of  uric  acid  or  urate,  which  leads  to 
acute  nephritis,  albuminuria  and  speedy  death  of  the  animal.    The 
alloxuric  bases  also  cause  fever,  when  given  by  the  mouth  or  sub- 
cutaneously.     It  is  evident  that  the  products  of  proteid  metabolism 
are  more  or  less  dangerous  to  the  body,  especially  so  when  there  is  an 
excess  of  proteid  food  consumed.     Chittenden  reduced  the  food  of  the 
soldiers  one-half  to  one-third  of  the  amount  ordinarily  considered 
necessary.     After  the  body  had  once  adjusted  itself  to  these  new  con- 
ditions, the  body-weight  remained  at  a  stationary  condition.    There 
was  a  marked  increase  in  physical  strength ;  there  was  no  falling  oflf  in 
physical  or  mental  vigor,  or  any  change  in  the  hsBmoglobin  or  in  the 
number  of  erythrocytes.     An  excess  of  proteid  over  that  which  is 
really  needed  for  these  purposes  causes  so  much  unnecessary  strain  upon 
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certainly  not  high,  is  more  than  the  conventional  adult  diet  profida 
and  from  five  to  ten  times  as  much  as  the  minimimi.  It  is  indeed  t 
well-known  fact  that  the  rate  of  urea  excretion  in  infancy  is  higher  in 
proportion  to  the  body-weight  than  at  any  other  period  of  life.  If 
ten  times  the  minimum  rate  is  the  normal  diet  provided  by  nature,  then 
even  after  making  full  allowance  for  the  necessities  of  growth,  the 
minimum  can  hardly  be  normal  for  the  adult  nor  the  amount 
ordinarily  taken  a  very  great  deviation  from  the  prescriptions  of 
nature/' 

Albertoni  and  Bossi  found  that  when  the  Italian  peasants,  with 
a  diet  from  birth  of  vegetables  only,  had  proteid  added,  that  there  was 
an  increase  of  haemoglobin,  the  number  of  red  corpuscles  augmented, 
the  strength  of  the  body  was  greater,  and  their  ability  to  perform 
their  various  duties  was  greater.  Their  psychical  functions  were  also 
better. 

Baron  Kakaki  showed  that  a  disease  called  kakke  disappeared 
from  the  Japanese  navy  when  the  proteid  in  their  diet  was  increased. 
These  men  previously  had  an  excess  of  carbohydrates  in  proportion  to 
the  proteid.  Other  diseases  also  were  less  with  the  increase  of  proteid 
diet. 

Metabolism  in  Fever. 

There  is  an  increase  of  proteid  destruction  during  fever.  The 
creatinin  excretion  is  also  augmented,  but  not  to  the  same  extent  as 
the  total  nitrogen  excretion.  This  increase  of  proteid  metabolism  is 
due  to  the  toxines  of  the  bacteria  in  great  part  and  not  to  the  increase 
of  temperature.  Roily  found  the  amount  of  glycogen  diminished  in 
toxic  fever  and  in  fever  due  to  puncture,  or  what  is  called  neurogenic 
fever. 

Hirsh,  Miiller  and  Roily  hold  that  in  an  infectious  fever  we  have 
two  parallel  processes:    (1)  a  specific  toxic  breaking  down  of  proteid 
by  the  bacteria,  and  (2)  a  central  excitation  in  the  sense  of  a  neuro- 
genic fever.     Ott  and  Scott  have  made  a  number  of  experiments  upon 
glycogen-free  rabbits  with  B.-tetra-hydro-naphthylamin,  which  pro- 
duced a  fever.     This  fever  is  neurogenic,  as  it  does  not  ensue  after  a 
section  behind  the  tuber  cinereum.     Here  the  drug  must  have  produced 
fever  through  an  action  on  the  proteids,  as  no  glycogen  was  present. 
Roily  found  in  glycogen-free  rabbits  that  puncture  of  the  corpus 
striatum,  a  thermogenic  center,  caused  no  fever.    We  think  that  the 
puncture  was  simply  too  weak  a  stimulant  to  the  enfeebled  thermo- 
genic center  of  a  rabbit  starved  and  exercised  by  strychnia  spasms. 


METABOUSM.  505 

When  a  more  powerful  chemical  stimulant^  as  the  naphthalin  com- 
pomid^  was  used  then  fever  was  produced  in  the  glycogen-free  rabbit. 
In  neurogenic  fever  there  is  an  increased  excretion  of  urea. 

Nearly  all  observers  agree  that  in  fever  there  is  an  increasing 
proteid  metabolism,  but  no  increased  fat  metabolism  except  such  as 
may  result  from  inanition  in  the  individual.  There  is  every  reason  to 
believe,  in  the  puncture  of  the  thermogenic  centers  and  in  infectious 
fevers,  that  they  both  produce  fever  by  an  action  on  the  thermogenic 
centers.  As  Aronsohn  has  contended,  there  is  no  toxic  destruction  of 
proteid  except  through  the. trophic  nerves  of  the  thermogenic  centers. 
The  intracellular  ferments  also  have  a  share  in  the  metabolic  changes 
of  fever. 

An  increased  destruction  of  proteid  ensues  in  fever  where  there  is 
a  paucity  of  glycogen  and  fat.  The  same  series  of  metabolic  changes 
ensue  in  both  infectious  and  neurogenic  fever. 

Obesity. 

Obesity  is  produced  by  all  the  causes  which  slow  the  organic 
oxidations,  as  sedentary  life,  absence  of  work  or  locomotion,  and 
insufQciency  of  air  and  light.  Predisposing  causes  are  heredity, 
anaemia  and  sexual  influences.  Alcohol  is  not  the  direct  cause  of 
obesity,  but  causes  it  by  sparing  the  fat  combustion  in  the  diet. 

There  is  a  method  of  reducing  obesity  known  as  Banting's  method, 
named  after  an  Englishman  of  that  name.  The  method  is  to  eat 
almost  exclusively  proteids,  the  patient  obtaining  his  fat  in  his  body, 
although  some  fat  is  produced  by  the  proteids. 

In  the  Oertel  method  of  treating  obesity,  the  cardiac  muscle  is 
strengthened  by  diminishing  the  amount  of  food  one-half  and  of  water 
still  more,  and  by  using  carefully  regulated  exercise.  The  nitrogenous 
foods  are  in  this  plan  incpeased,  and  the  nonnitrogenous  decreased. 
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CHAPTER  X. 

ANIMAL   HBAT. 

Inoroanic  bodies  have  a  constant  tendency^  either  by  losing  or 
gaining  heat^  to  adapt  themselves  to  the  temperature  of  surrounding 
media  or  objects.  They  may  be  artificially  cooled  or  artificiilly 
heated  to  all  possible  degrees. 

Living  plants  and  animals  also  receive  and  give  off  heat  phjrie- 
ally;  but^  in  addition,  they  possess  a  common  power  of  resisting 
external  temperatures.  With  the  plants  this  power  is  very  fedle  in 
degree ;  with  animals  it  is  more  marked.  Among  the  higher  animab, 
especially,  is  there  an  inherent  power  to  maintain  a  temperature  that 
differs  from  that  of  the  surrounding  media.  Since  living  animak 
like  dead  ones  and  inorganic  bodies,  exhibit  the  same  physical  phe- 
nomena of  absorption,  conduction,  and  radiation  of  heat,  they  un- 
dergo constant  changes ;  these  are  usually  in  the  direction  of  Iosb  of 
heat.  Hence  there  must  exist  within  them  a  power  of  constant 
renewal  or  production  of  heat  to  take  the  place  of  that  lost.  Thii 
function  of  producing  heat  is  universal  with  the  warm-blooded  ani- 
mals, and  all  of  the  processes  of  life  are  influenced  by  it.  Certainly 
the  higher  animals  have  within  their  bodies  not  only  some  means  to 
produce  heat,  but  some  mechanism  whereby  the  production  and  loss 
are  regulated.  Thus,  though  the  temperature  of  the  surrounding 
atmosphere  be  very  high,  as  in  midsummer,  or  very  low,  (is  in  mid- 
winter, yet  the  standard  temperature  of  the  animal's  body  remains 
uniform  and  constant.  The  energy  necessary  to  accomplish  this  is 
known  as  animal  heat. 

Physical  Heat. — Heat  is  a  form  of  energy  exhibited  by  matter. 
We  cannot  create  or  destrov  either. 

Energy  is  the  power  to  do  work.  Any  agent  that  is  capable  of 
doing  work  is  said  to  possess  this  property.  The  quantity  of  energy 
that  it  possesses  is  measured  by  the  amount  of  work  it  can  do.  When 
a  body  is  hot  it  possesses  a  store  of  energy  which  may  be  exhibited  by 
the  heated  matter. 

Energy  is  known  in  two  forms:    1.  The  energy  possessed  by  a 
body  in  consequence  of  its  velocity  is  known  as  energy  of  motion,  or 
Jcinetic  energy.     The  body  in  motion  which  has  this  kinetic  energy 
(506) 
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communicates  it  to  some  other  body  during  the  process  of  bringing  it 
to  rest.    This  is  the  fundamental  form  of  energy. 

2.  The  other  form  of  energy  which  a  body  may  have  depends  not 
upon  its  own  state^  but  upon  its  position  with  respect  to  other  bodies. 
It  is  the  energy  possessed  by  a  mass  in  consequence  of  its  having 
been  raised  from  the  groimd.  Potential  energy  can  exist  in  a  body^ 
all  of  whose  parts  are  at  rest. 

Rubner  and  Atwater  have  shown  that  the  law  of  conservation  of 
energy  is  also  applicable  to  the  living  body.  The  metabolism  of  the 
food  and  tissues  liberates  their  stored  energy  and  converts  it  into 
heat  and  motion. 

Radiant  heat  is  one  and  the  same  thing  as  that  which  we  call 
light.  When  detected  by  the  thermometer  or  by  the  sensation  of  heat, 
it  is  called  radiant  heat. 

When  equal  weights  of  quicksilver  and  water  are  mixed  together^ 
the  resulting  temperature  is  not  the  mean  of  the  temperature  of  the 
ingredients.  The  effect  of  the  same  quantity  of  heat  in  raising  the 
temperature  of  two  bodies  depends  not  only  on  the  amount  of  matter 
in  the  bodies,  but  also  upon  the  kind  of  matter  of  which  each  is 
formed.    This  is  called  capacity  of  heat,  or  specific  heat. 

The  capacity  of  a  body  for  heat  is  the  number  of  units  required 
to  raise  that  body  one  degree  of  temperature.  The  specific  heat  of 
a  body  is  the  ratio  of  the  quantity  of  heat  required  to  raise  that  body 
one  degree  to  the  quantity  required  to  raise  an  equal  weight  of  water 
one  degree. 

Latent  heat  is  the  quantity  of  heat  that  must  be  communicated 
to  the  body  in  a  given  state  to  convert  it  into  another  state  without 
changing  the  temperature.    Avery  describes  it  as  follows: — 

The  latent  heat  of  a  substance  is  the  quantity  of  heat  that  is 
lost  to  thermometric  measurement  during  liquefaction  or  vaporation, 
or  the  amount  of  heat  that  must  be  communicated  to  a  body  to 
change  its  condition  without  changing  its  temperature. 

The  higher  the  temperature  of  a  body,  the  greater  is  its  radi- 
ation. When  the  temperature  of  bodies  is  unequal,  the  hotter  bodies 
will  emit  more  heat  by  radiation  than  they  receive  from  the  colder. 
Therefore,  on  the  whole,  heat  will  be  lost  by  hotter  and  gained  bj 
colder  bodies  until  thermal  equilibrium  is  attained. 

The  cause  of  heat  is  popularly  explained  to-day  by  what  is  known 
as  the  ^'uniulatory  theory."  According  to  this  doctrine  the  heat  of 
a  body  is  caused  by  an  extremely  rapid  oscillating  or  vibratory-  motion 
of  its  molecules.     The  hottest  bodies  are  those  in  which  the  vibra- 
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tions  have  both  the  greatest  velocity  and  the  greatest  amplitade. 
Hence,  heat  is  not  a  substance^  but  a  condition  of  matter.  It  is  a 
condition  which  can  be  transferred  from  one  body  to  another.  When 
a  heated  body  is  placed  in  contact  with  a  cooler  one,  the  former  gives 
more  molecular  motion  than  it  receives;  but  the  loss  of  the  fonner 
is  the  equivalent  of  gain  of  the  latter. 

Animal  Heat. — Within  the  organs  of  the  human  body,  as  well  as 
those  of  all  animals,  processes  of  oxidation  are  continually  going  oil 
Orygen  passes  through  the  limgs  into  the  blood  to  be  thus  carried  to 
all  parts  of  the  body.     In  like  manner  the  ozidizable  bodies,  which 
are  principally  foods,  pass  by  the  processes  of  digestion  into  the 
blood  finally  to  reach  every  part  of  the  body.     The  gases,  liquids, 
and  solids  which  enter  the  body  are  loaded  with  energy.    These 
various  bodies  are  intimately  concerned  in  the  different  chemical 
processes   which   sum   up   metabolism:    that   is,   those   phenomena 
whereby  living  organisms  are  capable  of  incorporating  into  their  tis- 
sues, substances  obtained  from  their  food.     Metabolism  is  also  con- 
cerned in  the  formation  of  a  store  of  potential  energy  which  may 
readily  be  transformed  into  kinetic  energy,  as  manifested  in  muscular 
work  and  heat.     Within  the  body  the  assimilable  substances  undei^ 
many  chemical  changes,  and  finally  leave  it  in  forms  quite  different 
from  those  on  entering  it.    The  oxygen  inspired  combines  mainly  with 
carbon  and  hydrogen  to  form  carbon  anhydride  and  water,  while  the 
more  complicated  compounds  are  reduced  to  simple  bodies,  to  be 
excreted  as  such.     In  the  process  of  disintegrating  these  compourds 
— in  fact,  in  catabolism  in  general — one  of  the  most  important  re- 
sults is  the  production  of  heat.    The  energy  enters  the  body  as  poten- 
tial energy  stored  up  in  the  food.     By  chemical  processes  it  becomes 
evolved  into  kinetic  energy  and  heat.    Animal  heat  is  the  accompani- 
ment of  the  formation  of  carbonic  acid,  urea,  and  other  excreted 
products.     According  to  our  theory  of  heat,  the  animal  heat  due  to 
metabolic  processes  must  represent  to  us  vibrations  of  the  corporeal 
atoms. 

Other  Sources. — Roughly  speaking,  the  muscles  constitute  about 
one-half  of  the  whole  mass  of  the  body,  the  bones  the  other  half.  As 
but  little  oxidation  occurs  in  the  bones,  the  muscles  must  be  the 
chief  seat  of  heat-production.  Muscular  exercise  greatly  increases 
the  metabolism  and  the  COj  excreted,  but  there  is  an  accompanying 
increase  in  heat-production.  In  health  the  muscles  yield  four-fifths 
of  the  body  heat. 

The  secreting  glands  are  known  to  be  centers  of  thermogenesis 
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irhat  lower  than  that  of  the  right.  This  has  been  explained  on  the 
ground  that  the  right  heart  is  in  closer  proximity  to  the  warm  liver; 
also,  that  the  blood  going  to  the  left  heart  has  been  cooled  from  its 
passage  through  the  lungs  during  respiration. 

Estimation  of  Temperature. — Our  knowledge  as  to  difference  in 
degree  of  the  heat  of  the  same  or  different  bodies  is  gained  by  ther- 
mometr}'.  Thermometers  are  instruments  for  measuring  tempera- 
tures. Their  principle  is  based  upon  the  physical  phenomenon  of 
expansion  of  bodies  by  heat.  Liquids  are  best  suited  for  this  purpose. 
Mercury  and  alcohol  arc  the  only  two  liquids  used. 

The  mercurial  thermometer  is  the  one  most  extensively  used. 
It  consists  of  a  capillar}'  glass  tube,  at  the  end  of  which  is  blown  a 
bulb.  Both  the  bulb  and  portion  of  the  tube  are  filled  with  mercury. 
The  expansion  of  the  mercury  is  registered  by  a  scale  which  is  grad- 
uated either  upon  the  stem  itself  or  upon  a  frame  to  which  it  is 
attached.  On  the  Continent,  and  more  especially  in  France,  the 
stem  is  divided  into  one  hundred  parts,  or  degrees;  this  division  is 
known  as  the  Centigrade  scale.  In  England,  Holland,  and  North 
America  the  Fahrenheit  scale  is  used.  Its  stem  is  divided  into  two 
hundred  and  twelve  degrees  between  zero  and  the  boiling-point  of 
water. 

Estimation  of  Heat. — Calorimetry  is  the  measuring  of  the  quan- 
tity of  heat  which  results  from  the  transformation  of  energy.  By  it 
is  learned  the  amount  of  heat  possessed  by  any  body,  and  what 
amount  of  heat  the  latter  is  capable  of  producing.  Calorimetric 
measurements  are  expressed  in  thermal  units,  A  certain  quantity  of 
heat  with  which  all  other  quantities  are  compared  is  known  as  a 
ihenttaly  or  heat,  unit. 

A  thermal  unit  is  the  quantity  of  heat  required  to  raise  a  definite 
quantity  of  water  from  one  defined  temperature  to  another  defined 
temperature.  A  particular  thermal  unit  has  been  called  by  some 
authors  a  Calorie.  It  is  the  quantity  of  heat  necessary  to  raise  a 
kilogram  (2.2  pounds)  of  water  1°  C.  An  Phiglish  heat  unit  is  the 
quantity  of  heat  required  to  elevate  one  pound  of  water  1°  F.  One 
Calorie  equals  3.96  English  heat  units.  In  Germany  scientists  fre- 
quently use  the  word  calorie,  but  mean  the  gram-calorie.  It  repre- 
sents the  quantity  of  heat  that  is  required  to  elevate  the  tempera- 
ture of  1  gram  of  water  1°  C. 

The  whole  science  of  animal  heat  is  founded  upon  thermometry 
and  calorimetr}',  as  well  as  the  indirect  method  of  calculating  the 
quantity  of  heat  produced  from  the  quantity  of  nutritive  materials 
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The  temperature  of  the  mouth  is  taken  by  a  thermometer  grad- 
uated into  tenths.  The  rectal  temperature  is  preferable  because  of 
iccuraey.  The  bucket  (7)  receives  the  water  from  the  motor  (-3^), 
and  so  conveys  it  to  the  water-wheel  (11)  that  runs  the  meter  as  an 
ispirator.  The  meter  is  filled  with  water,  and  belongs  to  Voit's  little 
respiration  apparatus.  The  quantity  of  air  that  is  aspirated  within  an 
hour  ia  from  5000  to  6000  liters,  which  is  ample  for  respiratory  pur- 
poses. The  instrument  is  made  air-tight  by  means  of  the  door  (K), 
which  is  lined  at  its  outer  edge  with  rubber.  The  whole  apparatus  is 
inclosed  in  over  six  inches  of  sawdust,  the  door  (K)  having  against 
it  a  sawdust  mattress. 

The  door  is  bound  by  eight  powerful  screw-clamps.  The  air 
enters  the  tube  (//),  then  passes  through  a  leulen  tube  that  is  coiled 
upon  itself  before  it  reaches  the  person  lying  upon  the  mattress. 

I  have  tested  the  calorimeter  before  and  alter  the  performance 
of  my  experiments. 

The  interior  of  the  instrument  is  lighted  up  by  an  Edison  incan- 
descent light  of  one-candle  power.  The  patient  is  thus  enabled  to 
spend  his  time  in  reading  a  book  while  the  experimenter  is  making 
his  observations. 

By  placing  a  pulley  outside  the  calorimeter  and  attaching  to  a 
leather  rope  a  fourteen-pound  weight,  the  man  within  the  instrument 
is  able  to  exercise.  The  leather  band  enters  one  of  the  air-holes  of 
the  instrument.  Of  the  entire  amount  of  heat  dissipated,  about 
H  per  cent,  is  thrown  off  by  the  lungs. 

My  little  calorimeter  is  constructed  upon  the  same  plan  as  the 
instrument  for  men.  In  this — the  animal  calorimeter — the  agitator 
Bits  astride  the  inner  cylinder,  outside  of  the  leaden  coils,  and  is  run 
it  the  rate  of  sixty  to  seventy  movements  per  minute  by  means  of  a 
*^ater-motor.  In  other  instruments  the  water  is  occasionally  agitated 
>y  means  of  a  hand-contrivance.  Instead  of  the  air  entering  the 
inner  chamber  by  a  straight  tube,  it  traverses  a  tube  coiled  upon 
tself  in  the  water  reservoir  of  the  instrument  to  enter  the  inclosure 
it  its  base.  The  air  emerges  through  the  opening  at  the  top  to  be 
carried  out  through  the  serpentine  coil  and  thence  through  the 
aspirating  meter.  The  latter  records  at  the  same  time  the  amount 
of  air.  The  constant  activity  of  the  agitator  causes  the  heat  to  be 
equally  diffused  through  the  water  and  so  permits  none  to  be  given 
to  the  air.  The  door  swings  upon  a  hinge.  In  its  center  there  is  a 
glass  through  which  one  can  readily  see  the  state  of  the  animal  or  the 
apparatus  connected  with  it.     At  its  edge  it  is  lined  with  rubber  and 
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• 
closed  by  powerful  iron  screw  clamps.  In  front  of  the  door  is  a  mat- 
tress of  sawdust  several  inches  thick.  Over  and  around  the  calori- 
meter, instead  of  the  usual  sawdust  or  felt,  1  used  the  packing  mat^ 
rial  of  wood-fiber  known  as  excelsior.  The  whole  instrument  is 
inclosed  within  a  box  which  has  a  door. 

The  calorimeter  is  sixteen  inches  in  length  and  twelve  inches 
in  diameter.  The  instrument  has  a  circular  opening  through  which 
a  thermometer  graduated  to  one-fiftieth  of  a  degree  Fahrenheit  passes 
into  the  water.  An  opening  is  also  provided  in  the  air-tube  into 
which  a  thermometer  can  be  inserted. 

This  instrument  is  fairly  exact.  By  calculation  it  is  found  that 
the  error  is  5.4  per  cent.  After  the  performance  of  numerous  expri- 
ments  it  was  found  that  the  variations  from  this  numl)er  were  within 
1  per  cent.  Hence  it  may  be  assumed  that  this  is  an  instrument  of 
precision.  For  absolute  accuracy  the  moisture  of  the  air  and  the 
barometric  correction  should  be  made,  but  they  would  not  alter  tlie 
result  very  perceptibly.  The  instrument  is  always  used  with  the  air 
a  degree  or  so  above  the  temperature  of  the  calorimeter.  The  agi- 
tator is  set  in  motion  for  a  half-hour  before  the  observation  is  com- 
menced. The  room  temperature  for  twenty-four  hours  previously  is 
kept  the  same.  With  these  precautions  the  instrument  works  ac- 
curately. 

By  the  calorimeter  we  are  enabled  to  measure  the  transforma- 
tion of  the  potential  enorfry  of  the  food  into  heat  and,  at  the  same 
time,  measure  the  numb'^r  of  heat  units  produced.  The  total  amount 
of  energy  present  in  the  human  body  might  be  measured  bv  com- 
{)letely  burning  an  entire  human  body  in  a  calorimeter.  By  this 
means  it  may  be  determined  how  many  heat  units  are  produced  when 
it  is  reduced  to  ashes. 

If  a  man  were  not  supplied  with  food  he  would  lose  fifty  grams 
of  his  body-weight  every  hour.  This  is  due  to  the  constant  oxidation 
which  occurs,  whereby  the  materials  of  the  body  unite  with  the  in- 
spired and  circulating  oxygen  to  produce  combustion  and  heat. 

It  is  known  that  any  given  oxidation  will  always  produce  the 
same  amount  of  heat.  Thus,  if  a  gram  of  fat  be  burned  in  a  calorim- 
eter there  will  be  produced  a  certain  and  almost  unvarying  number 
of  heat  units.  By  numerous  experiments  upon  foodstuffs  it  has  been 
determined  by  the  calorimeter  just  the  number  of  heat  units  a  gram 
of  each  will  yield.  Just  as  in  the  calorimeter,  only  far  more  slowly, 
are  the  foodstuffs  within  our  bodies  burned  up.  That  is,  the  presence 
of  oxygen  transforms  the  potential  energy  within  them  into  kinetic 
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ild  the  voluntary  activities  be  at  rest,  tlie  major  portion  of  thin 
gj'  IB  transformed  into  heal.  The  same  number  of  lieat  units 
Id  be  produced  within  the  body  as  within  the  calorimeter,  pro- 
li  the  foodstuffs  were  completely  oxidized.  However,  we  know 
every  gram  of  proteid  yields  one-third  of  a  gram  of  urea  during 
!)UBtion  within  the  body.  The  urea  has  a  heat  value  of  its  own, 
hat  the  real  number  of  heat  units  obtained  by  body-combuation 
msiderably  less  than  that  of  calorimeter  combustion  of  protcide. 


Kig.  IHl.— Liliitcrul  Puncture  of  the  Tubnr  Cincreum  of  Rabbit 

Tliroiigli  ]{oi)f  of  Mouth. 

units  obtained  from  body  or  tissue  combustion  n-preaent  a 
siologic  heat-value";  those  gained  from  the  calorinict(.<r,  a 
sieal  heat-value." 

A  man  produces  daily  a  quantity  of  heat  c<jual  to  about  2800 
ies. 

Regulation  of  Temperatnre. — That  the  rogtilation  of  the  tem- 
nre  cannot  be  accomplished  solely  by  the  action  of  the  circula- 

reppiration,  vasomotor,  and  sudorific  cciiicrs,  in  i^hown  by  the 
s'ing  facts:  (1)  If  a  puncture  is  made  tbroiigli  the  roof  of  the 
h  of  a  rabbit  witli  a  guarded  deutal  drill  and  the  tuber  eincrcnui 
ly  slightly  grazed,  the  animal  will  fall  at  your  feet,  dead,  in  five 
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minutes.     If  now  the  temperature  is  taken,  it  will  be  found  to  be 
109^/i°  F.     Here  there  is  a  sudden  arrest  of  the  circulation,  respin- 

Sir     5     V 


Ru^ullOB.  pRUun.  Piil>& 

Fig.   182, — Puncture  of  Tuber  Cinereum   in  lUbbit,  Showing  Effect  on 
Respiration,  Arterial  Tension,  Pulse,  and  Temperature. 

At  tbe  end  ot  90  minutes  the  Bnlmal   vaa  unbound,   when  a  rl«c  occuirvd  In 

tion,  and  vasomotor  action,  in  fact  a  rapid  death,  still  the  tempera- 
ture rises  to  109.5°  F.    Now,  if  by  a  puncture  of  tlie  medtilla,  pons, 
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or  crura  cerebri,  sudden  death  ensues;  yet  the  temperature  is  but 
slightly  increased.  These  facts  show  that  the  injury  of  the  tuber 
determines  a  rise  of  temperature  by  some  action  on  the  metabolism 
of  tlie  body.  (2)  When  a  rabbit  is  bound  down  and  the  respiration, 
blood-pressure,  and  pulse  are  recorded  on  the  kymograph,  and  the 
thalamus  punctured,  then  the  temperature  records  its  highest  point 
at  the  time  when  the  respiration,  arterial  tension,  and  pulse-rate  are 
falling. 

In  a  transverse  section  of  the  corpora  striata,  I  have  seen  a  tem- 
perature of  110°  F.  and  the  animal  die  inside  of  five  minutes. 
Hence  we  must  attribute  the  regulation  of  temperature  to  special 
thermogenic   and   thermo-inhibitory  centers. 

Thennotaxic  Centers. — These  centers  compose  the  thermogenic, 
thermo-inhibitory,  and  thermolytic  centers,  as  the  aim  of  all  is  to 
regulate  the  temperature. 

Thermogenic  Centers. — Spinal  Cord. — Destruction  of  the 
spinal  cord  from  the  fifth  dorsal  vertebra  down  permits  the  animal 
to  generate  as  much  heat  as  before  the  operation.  A  drug,  beta- 
tetrahydronaphthylamin,  when  injected  by  the  vein  causes  a  great 
increase  of  temperature,  but  after  a  section  behind  the  tuber  cinereum 
it  fails  to  cause  any  rise  of  temperature.  These  facts  lead  to  the 
conclusion  that  there  are  no  special  thermogenic  centers  in  the  spinal 
cord,  but  that  the  basal  thermogenic  centers  act  through  the  trophic 
centers  in  the  anterior  cornua. 

Brain. — When  a  normal  animal  is  subjected  to  heat  or  cold  it 
regulates  its  temperature  and  keeps  it  at  a  fixed  point.  If,  however, 
the  spinal  cord  is  separated  from  the  brain,  the  spinal  cord  is  not 
able  to  regulate  the  temperature  at  a  given  degree,  but  its  tempera- 
ture changes  with  the  temperature  of  the  surroundirg  air.  These 
facts  show  also  the  importance  of  the  thermotaxic  centers  in  the 
brain  in  the  regulation  of  temperature. 

As  to  the  medulla  oblongata  and  pons,  numerous  punctures  by 
a  probe  two  millimeters  in  width  and  one  millimeter  in  thickness 
caused  a  very  slight  rise  of  temperature,  which  was  of  a  very  fugitive 
natnre.  Cross-section  of  the  pons  is  an  operation  which  cuts  off  the 
afferent  and  efferent  fibers  from  the  thermotaxic  centers  anterior  to 
it  and  permits  heat-production  to  increase  without  any  regulation. 
If  there  are  any  thermogenic  centers  in  the  pons,  puncture  ought  to 
bring  out  the  fact,  as  it  has  done  for  the  thermogenic  centers  located 
in  the  basal  ganglia. 

Any  transverse  section  behind  the  crura  cerebri  or  pons  simply 
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cuts  out  the  thermogeDic  and  thermo-inhibitor;  centers  in  front  of 
the  sectioD  and  permits  the  thermic  apparatus  behind  the  section  to 
elevate  the  temperature.  That  a  greater  rise  of  temperature  should 
eneue  after  pontal  than  after  crural  section  is  quite  in  accord  wjth 
the  well-known  fact  that  successive  sections  from  before  baclcward 
cause  a  greater  activity  of  the  spinal-cord  centers  behind  the  section, 
and  also  of  the  trophic  centers. 


Fig.   183 — Cortex  of  Cat's   Brain. 


Now,  I  have  shown  that  after  the  intravenous  injection  of  beta- 
totrahydronaphthylamin  in  the  normal  animal  a  great  rise  of  tem- 
perature ensues.  But  after  section  through  the  crura  cerebri  this 
drug  is  powerless  to  raise  tlie  temperature.  A  needle-point  thrust 
into  the  pons  or  crura  causes  a  fugitive  rise,  and  a  feeble  one.  But  if 
the  needle  goes  into  the  corpora  striata  or  tuber  cinereum  there  is  a 
quite  permanent  and  considerable  elevation  of  temperature.  To  as- 
sume that  a  different  kind  of  thermogenic  center  exists  in  the  pons  is 
begging  the  question. 
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In  April,  1884,  I  was  the  first  to  make  a  transvert^e  section  of 
the  corpora  striata  in  the  cat,  which  was  followed  by  the  temperature 
rising  to  llOVa®  P.  Afterward  Drs.  Sachs  and  Afonsohn  more 
exactly  localized  the  center  in  the  caudate  nucleus.  I  also  located 
another  thermogenic  center  in  the  optic  thalami,  a  bilateral  puncture 
of  their  anterior  ends  causing  a  rapid  rise  of  temperature  to  109®  F. 
Von  Tangl,  of  Budapest,  has  confirmed  this  fact  by  experiment  upon 
the  brain  of  a  horse.  Upon  more  exact  localization  this  thalamic 
thermogenic  center  was  found  to  be  located  in  the  tuber  cinereum. 
Hence  the  conclusion  that  the  thermogenic  centers  are  located  in  the 
corpus  striatum  and  tuber  cinereum. 


Fig.  184. — ^Lesions  of  Cortex  in  Man,  Causing  Elevations  of  Temperature. 

Experiments  by  Ott  show  that  an  increased  supply  of  oxygen  is 
not  necessary  to  a  rise  of  temperature.  A  great  increase  of  arterial 
tension  can  not  elevate  the  temperature  over  1.5°  P.,  as  has  been 
shown  by  Ott  and  Scott. 

The  tuber  cincreijm  is  also  connected  with  the  vasomotor  appa- 
ratus. In  experiments  to  find  vasotonic  centers  in  the  thalami  I 
have  located  them  in  their  anterior  part.  Later  experiments  have 
led  to  more  exact  data.  After  puncture  of  the  tuber  with  a  fine 
probe  a  gradual  fall  of  arterial  tension  ensued.  In  about  forty 
minutes  it  amounted  to  one-fourth  the  absolute  pressure.  This  fall 
invariably  ensued  in  six  experiments;  so  that  there  seemed  little 
doubt  that  vasotonic  centers  exist  in  the  thalami. 

Thermo-inhibitory  Centers. — Eulenberg  and  Landois  discov- 
ered about  the  cruciate  sulcus  a  center  whose  ablation  was  followed 
by  an  increase  of  temperature.     Prof.  H.  C.  Wood  has  shown  that 
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ncea  and  ihermotaxis.  When  heat  is  thrown  on  the  body  the  polyp- 
na»ic  center  telegraphs  the  respiratory  center  to  work  more  rapidly 
to  throw  off  more  moisture  by  the  expired  air. 

The  afferent  nerves  of  the  thermotaxie  apparatus  are  probably 
those  nerves  in  the  skin  administering  to  the  "hot'*  and  "coW  spots. 

Eegulation  of  Loss  of  Heat,  or  Thermolysis. — Heat  is  lost  by  au 
animal  in  various  ways.  It  may  be  by  direct?  radiation  and  conduc- 
tion from  the  skin,  by  the  extraction  of  heat  during  the  process  of 
evaporating  perspiration,  by  wanning  the  respired  air,  and  by  the 
discharge  of  urine  and  faces. 

Skin  Kadiation  and  Conduction. — The  skin  is  the  main  means 
of  escape  of  the  bodily  heat.  Nearly  three-fourths  of  the  heat  which 
escapes  from  the  economy  does  so  through  the  skin  as  a  means. 

A  marked  difference  between  the  temperature  of  the  skin  and 
that  of  the  surrounding  atmosphere  constitutes  a  prime  factor  in 
radiation.  When  the  enveloping  medium  is  very  cold  radiation  from 
the  skin's  surface  is  very  rapid. 

The  cutaneous  circulation  has  considerable  to  do  with  the  diwi- 
pation  of  heat.  The  caliber  of  the  peripheral  vessels  is  governed  by 
the  vasomotor  system,  which  is  itself  under  the  guidance  of  the  cen- 
tral nervous  svstem. 

External  heat  rellexly  causes  dilatation  of  the  cutaneous  vessels, 
so  that  at  such  times  the  skin  becomes  red  and  engorged.  It  con- 
tains more  lluids  and  tluis  is  a  better  conductor  of  heat.  More  blood 
being  at  the  body  surface  allows  of  greater  and  more  rapid  loss 
through  radiation. 

External  cold  rellexly  causes  a  contraction  of  the  peripheral  ves- 
sels; so  that  their  luiiiina  are  narrowed.  In  consequence  there  \^ 
less  blood  circulating  in  the  skin,  which  appears  pale  and  contains 
less  fluid;  so  that  the  radiation  of  heat  is  markedly  hindered. 

By  reason  of  nervous  stimulation  the  sweat-glands  are  at  times 
made  to  functionate  very  freely;  whereupon  the  skin's  surface  be- 
comes bathed  in  a  sensible  perspiration.  For  the  conversion  of  this 
moisture  into  vapor  heat  is  necessary.  It  is  by  the  abstraction  of 
this  heat  from  the  underlying  tissues  that  the  body  owes  much  of 
its  loss  when  its  parts  are  hyperpyrexial.  One  pound  of  water  in 
evaporating  takes  up  1047  B.  H.  U.  daily. 

The  covering  of  the  body  by  clothing  during  various  seasons  of 
the  year  contri])utes  much  to  the  proper  regulation  of  loss  of  heat, 
so  that  the  mean  temperature  may  be  maintained  fairly  constant. 

Fever. — The  process  of  fever  is  one  of  absorbing  interest  dur- 
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ing  every  period  of  a  physician^s  life.  The  constant  level  of  tem- 
perature in  man  is  accounted  for  by  two  theories :  One  that  it  is 
due  to  changes  in  heat-production;  the  other,  held  by  a  minority, 
that  it  is  kept  so  by  changes  in  heat-dissipation  under*  the  varying 
conditions  of  external  temperature. 

In  a  case  of  fever  generated  by  the  malarial  parasite  I  foraid 
with  the  human  calorimeter  an  increased  production  of  heat  as  the 
primary  cause  of  the  fever.  In  the  case  of  fever  generated  by  the 
subcutaneous  injection  of  putrid  blood  I  found  a  fever  caused  by  an 
increased  production  of  lieat  in  the  animal. 

As  a  rule,  it  is  true  that  fever  is  set  up  by  an  increase  of  heat- 
production  beyond  that  of  heat-dissipation.  But  when  this  is  once 
established  the  fever  continues,  not  from  an  excessive  production, 
but  from  an  altered  relation  between  heat-production  and  heat- 
dissipation. 

That  the  basal  thermogenic  centers,  the  corpus  striatum  and 
tuber  cinereum,  play  a  prominent  part  in  the  production  of  fever  is 
proved  by  the  fact  that  putrid  blood  and  betatetrahydronaphthylamin 
both  produce  a  rise  of  temperature.  They  are  powerless  after  a  sec- 
tion behind  the  tuber  cinereum  to  elevate  the  temperature. 

Antipyrin  reduces  the  temperature  by  an  action  upon  the  cor- 
pora striata. 

Experiments  in  my  laboratory  by  Dr.  W.  S.  Carter  proved  that 
whilst  the  temperature  of  the  body  has  a  rhythm,  there  was  n«i 
rhythm  in  either  heat-production  or  heat-dissipation. 

All  recent  resear(»hes  go  to  show  that  fever  is  not  a  fire  that  is 
continuously  kept  up  by  an  excessive  oxidation  of  the  constituents 
of  the  human  body.  For  instance,  if  the  amount  of  water  flowing,' 
into  a  vessel  partly  filled  with  water  is  equal  to  2,  and  the  amount 
going  out  is  ecjual  to  2,  the  level  of  the  water  will  be  the  same.  But 
if  the  amount  of  water  going  into  the  vessel  is  equal  to  3  and  the 
amount  going  out  equal  to  2,  the  level  of  the  water  will  rise,  h) 
however,  the  amount  going  into  the  vessel  should  suddenly  fall  to  1 
and  the  amount  going  out  should  do  the  same,  the  level  of  the  water 
would  be  nearly  the  same  as  before.  If,  now,  you  substitute  for  the 
amount  of  water  going  in  the  amount  of  heat  produced,  and  for  the 
water  going  out  the  amount  of  heat  dissipated,  and  the  level  of  th<' 
water  as  the  height  of  temperature,  it  is  easy  to  see  how  a  dimin- 
ished production  and  dissipation  of  heat  due  to  want  of  food  and  the 
waste  of  the  body  by  the  fever  process,  may  still  keep  up  a  high 
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fever,  although  both  are  diminished  below  what  is  generated  and 
dissipated  in  a  state  of  health. 

The  physico-chemical  cause  of  death  in  fever  by  hyperpyrexia 
is  due  to  a  coagulation  of  cell-globulin.  If  heated  long  enough,  a 
temperature  of  42°  C.  will  coagulate  it. 

Postmortem  Temperature. — Usually  after  death  the  body  cools 
gradually,  depending  upon  the  temperature  of  the  external  atmos- 
phere and  the  body-surface.  The  body  of  a  child  or  emaciated  sub- 
ject cools  more  rapidly  than  does  that  of  a  well-developed  and  well- 
nourished  adult  body. 

A  temporary  increase  of  postmortem  temperature  is  due  to  the 
change  of  myosinogen  into  myosin  and  to  those  series  of  chemical 
changes  immediately  succeeding  death. 

When  death  has  occurred  from  tetanus,  acute  rheumatism, 
typhoid,  small-pox,  cholera,  or  injuries  to  the  brain,  there  is  noit3d 
a  marked  postmortem  rise  in  temperature. 


CHAPTER  XI. 

THB  MUSCLES. 

Covering  up  the  bones  and  attached  to  their  surfaces  at  certain 
definite  places  is  the  soft,  red,  fleshy  portion  of  the  body:  the  ww- 
cidar  substance.  This  consists  of  not  one  homogeneous  environing 
mass,  but  of  a  great  number  of  distinct  fleshy  masses,  called  muscles. 
These  are  of  various  forms  and  sizes;  number  about  four  hundred; 
and  are,  for  the  most  part,  arranged  in  pairs.  It  is  mainly  to  the 
shape  and  disposition  of  these  muscles  that  the  body  owes  the  regu- 
larity of  its  contour. 

It  is  by  the  power  of  these  skeletal  muscles  that  the  animal  \i 
able  to  move  about,  procure  means  of  sustenance,  care  for  its  young, 
etc. ;  but  it  must  be  borne  in  mind  that  muscles — not  so  powerful  as 
are  the  skeletal  muscles,  but  muscles,  nevertheless — ^are  contained 
within  the  viscera  and  blood-vessel  walls.  These  muscles  have  very 
important  functions  to  perform  in  aiding  the  processes  of  metab- 
olism :  that  balance  which  when  disturbed  produces,  not  health,  but 
disease. 

Any  animal  motion  means  muscle.  Muscular  tissue  is  empowered 
with  contractility;  that  is,  an  ability  to  shorten  itself  when  acted  upon 
by  any  stimulus.  By  its  shortening  it  produces  movement  to  parts  to 
which  one  or  both  of  its  ends  are  attached.  The  resultant  motions 
may  be  the  very  common  ones  of  walking,  running,  various  manual 
employment,  etc.,  or  the  peristaltic  movements  of  stomach  and  in- 
testines, or  the  variations  in  the  sizes  of  the  lumen  of  the  blood- 
vessels. Any  animal  movement  should  at  once  recall  to  the  mind  of 
the  student  that  it  is  the  resultant  of  some  muscular  contractility 
produced  by  the  influence  of  a  stimulus  to  it,  whether  that  be  nerv- 
ous, electrical,  mechanical,  or  thermal. 

^[usonlar  tissue  consists  of  fibers  bound  together  into  those  dii^- 
tinct  organs  already  mentioned  as  muscles,  and  in  this  condition  is 
known  as  the  meat  of  animals. 

In  the  fine  anatomy  of  the  muscles  I  have  followed  the  writings 
of  Professor  Shaefer,  as  they  appear  in  Quain's  "Anatomy,"  of  which 
this  is  an  abstract. 

Varieties. — When  seen  under  the  microscope,  these  fibers  are 
found  to  be  rross-striprd,  or  striated;  as  many  of  them  are  under  the 
control  of  the  will,  they  are  usually  spoken  of  as  being  voluntary. 
(528) 
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In  the  coats  of  the  blood-vessels  and  in  the  hollow  viscera  is 
another  variety  of  muscular  fibers,  often  making  a  distinct  layer  or 
layers  to  these  organs.  In  this  kind  the  fibers  do  not  have  the  cross- 
striped  appearance,  but  are  plain,  or  unstriped.  Nearly  all  of  these 
are  not  under  the  control  of  the  will,  and  are,  hence,  involuntary.  It 
must  here  be  noted,  however,  that  the  muscle  of  the  heart — which, 
as  everyone  knows,  is  an  involuntary  muscle — is  exceptional  to  this 
class  of  nmsclc  in  that  its  fibers  are  very  plainly  cross-striped.  Never- 
theless, it  presents  differences  from  the  striped  fibers  of  skeletal 
muscles;  so  that  it  has  become  customary  with  very  many  authors 
to  class  it  under  the  separate  title  cardiac  muscular  tissue. 

The  muscular  fibers  of  the  skeleton  are  generally  collected  into 
distinct  organs  of  various  sizes  and  shapes  which  have  at  each  end 
a  tendon  by  which  they  are  attached  to  the  skeleton. 

The  fibers  of  the  muscles  are  collected  together  into  bundles, 
called  fasciculi.  In  the  fasciculi  the  fibers  are  parallel,  so  that  the 
fasciculi  wind  from  one  tendinous  end  to  the  other,  except  in  a  few 
muscles  like  the  rectus  abdominis.  In  this  instance  the  body  of 
the  muscle  is  interrupted  by  interposed  tendinous  tissue.  The  fas- 
ciculi themselves  do  not  mingle  with  one  another  and,  for  the  most 
part,  run  parallel,  although  in  many  cases  they  converge  to  their 
tendinous  endings. 

The  covering  of  the  entire  muscle  is  termed  the  epimysium,  and 
is  a  connective-tissue  envelope.  The  covering  of  areolar  tissue  which 
insheathes  the  fasciculi  of  the  muscle  is  spoken  of  as  the  perimysium. 
The  latter,  a  septum  from  the  epimysium,  furnishes  to  each  fascicu- 
lus a  special  covering  as  well  as  furnishing  it  with  blood-vessels  and 
nerves.  Within  each  compartment  lie  a  number  of  muscle-fibers 
which  are  usually  parallel  to  one  another  and  held  together  by  a  very 
delicate  reticular  connective  tissue.  This  areolar  network  is  called 
the  endomysium,  but  does  not  make  a  continuous  covering  and  so 
cannot  be  said  to  form  sheaths  for  them.  Each  fiber  of  the  muscle, 
however,  has  a  tubular  sheath,  but  this  sheath  is  not  composed  of  the 
areolar  tissue  just  mentioned.  The  special  function  of  the  areolar 
tissue  seems  to  be  to  connect  the  fasciculi  and  fibers,  and  to  support 
and  conduct  the  blood-vessels  and  nerves  in  their  ramifications  be- 
tween the  various  parts. 

Fasciculi  in  form  are  prismatic,  so  that  a  transverse  section 
shows  an  angular  outline.  The  thickness  of  a  fasciculus,  as  well  as 
the  number  of  fibers  of  which  it  is  composed,  varies.  The  texture  of 
a  muscle,  whether  coarse  or  fine,  depends  upon  the  large  or  small 
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fasciculi  contained  within  it;  thus^  the  glutei  are  COfli^e,  the  muBcks 
of  the  eye  fine. 

The  length  of  the  fasciculi  is  not  always  the  same  as  the  leogik 
of  the  muscle;  this  characteristic  depends  upon  the  arrangement itt 
the  tendons  to  which  the  muscle  is  attached.  When  the  tendons. m|B| 
attached  to  the  ends  of  a  long  muscle^  as  the  sartorius,  the  faaded 
run  from  one  end  of  the  muscle  to  the  other  and  so  are  of  consd- 
erable  length.  However,  a  long  muscle  may  be  made  up  of  a  8eri«i 
of  short  fasciculi  attached  obliquely  to  one  another  by  beveled  endi 
Short  fasciculi  tlius  attached,  as  in  the  rectus  muscle  of  the  thigh, 
have  stronger  action  than  where  they  nm  the  extent  of  the  muscle. 

Fibers. — The  form  of  the  muscle-fibers  is  cylindrical  or  prism- 
atic with  rounded  angles.  Their  diameter  varies  very  considerablj, 
even  in  each  muscle,  although  a  certain  standard  is  found  to  exist  in 
every  muscle.  The  largest  human  fibers  average  one-tenth  of  an  inch 
in  diameter,  and  f lom  that  size  to  one  two-hundred-and-fiftieth  of  an 
inch  fibers  may  be  found.  Between  the  size  of  the  muscle  and  that 
of  its  fibers  there  is  no  constant  relation. 

The  length  of  the  muscular  fibers  does  not  generally  exceed  one 
and  one-half  inches.  Thus,  in  a  long  fasciculus,  the  fibers  do  not 
reach  its  whole  length,  but  end  in  a  rounded  or  tapering  end  invested 
with  sarcolemma  and  cohering  with  neighboring  fibers.  There  is,  as 
a  rule,  no  anastomosis  or  division  of  the  fibers  of  a  muscle,  except  in 
the  tongue  of  a  frog,  where  they  branch  beneath  the  mucous  mem- 
brane to  which  they  are  attached.  The  same  thing  has  been  observed 
in  the  tongue  of  man. 

Sarcolemma. — The  sarcolemma  is  a  tubular  sheath  inclosing  the 
soft  substance  of  the  muscle.  It  is  an  elastic,  transparent,  homoge- 
neous membrane;  it  is  rather  tough  and  can  remain  intact  even 
though  the  muscle  be  ruptured.  Upon  its  inner  side  are  found  nuclei 
which,  however,  belong  to  the  muscle  rather  than  to  the  inclosing 
membrane. 

Structure. — With  a  low  magnifying  power,  the  muscle  presents 
clear  pellucid  fibers  which  are  cross-striped  with  bands  alternately 
dark  and  light.  That  this  striation  is  not  on  the  surface  alone,  bnt 
extends  throughout  the  substance  of  the  muscle,  is  readily  demon- 
strated by  altering  the  focus  of  the  microscope.  The  stripes  do  not 
occur  on  the  sarcolemma,  ])ut  throughout  the  sarcous  substance  in- 
closed by  the  former. 

The  breadth  of  the  bands  is  about  ^Atooo  inch,  so  that  eight  or 
nine  dark  bands  may  be  counted  in  Viooo  inch.     While  this  is  the 
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common  breadth  in  human  muscle,  yet  they  are  much  narrower  in 
different  parts;  so  that  there  may  be  twice  as  many  bands  existing 
in  the  space  just  mentioned.  This  striation  is  found  in  all  muscles 
attached  to  the  skeleton,  in  the  heart,  pharynx,  upper  oesophagoa, 
diaphragm,  urethral  sphincter,  external  anal  sphincter,  as  well  y 
in  the  muscles  of  the  middle  ear. 

When  a  muscle  is  deeply  focused,  the  appearance  of  the  gtris 
is  somewhat  altered ;  a  finely  dotted  line  is  seen  to  pass  across  the 
middle  of  each  light  band.  This  is  supposed  to  represent  Knuse's 
membrane  stretching  across  the  fiber  and  attached  to  the  surface  of 
the  sarcolenima.  However,  there  is  reason  to  believe  that  the  ap- 
pearance of  a  dotted  line  in  this  position  in  the  fresh  fiber  is  due  to 
the  peculiar  optical  condition  of  the  tissue. 

A  fine,  clear  line  is  sometimes  seen  in  the  middle  of  each  dark 
band,  and  is  known  as  the  line,  or  disc  of  Uensen, 

Since  there  seems  to  be  such  variance  as  to  muscle-structure  and 
so  many  different  names  are  met  with  in  text-books,  it  might  be  well 
to  call  the  student's  attention  to  the  fact  that  Dobie's  line,  Amirfs 
line,  and  Krause's  membrane  are  terms  used  to  describe  the  same 
condition.  They  designate  the  dark  line  bisecting  the  white  bani 
Hensen's  band  occurs  in  the  dark  bands. 

In  addition  to  the  cross-striping,  the  fiber  of  the  muscle  has 
longitudinal  striation.  When  a  muscle  lias  been  very  carefully  teased 
with  fine  needles  after  having  been  previously  hardened  in  spirits, 
an  interesting  result  follows.  The  muscle-fibers  break  up  into  fine- 
longitudinal  elements  of  a  rounded  or  angular  section  which  run  from 
end  to  end  of  the  fiber.  These  have  been  very  aptly  termed  rnvsclf- 
columns,  or  sarcosiyles. 

Each  sarcostyle  appears  to  consist  of  a  row  of  elongated  pris- 
matic particles  with  clear  intervals.  These  particles  are  termed 
sarcous  elements.  The  sarcostvles  in  some  muscles  are  striated  longi- 
tudinally.  This  appearance  has  led  some  authors  to  believe  that  they 
are  composed  of  still  finer  elements,  or  fibrils. 

Under  some  conditions,  the  fibers  show  a  tendency  to  cleaTe 
across  in  a  direction  parallel  to  the  bands,  and  even  to  break  up  into 
transverse  plates,  or  discs.  The  latter  are  made  up  by  the  lateral 
cohesion  of  the  sarcous  elements  of  adjacent  sarcostyles.  To  the  for- 
mation of  such  discs,  therefore,  every  sarcostyle  furnishes  a  particle, 
which  coheres  with  its  neighbors  on  each  side,  and  this  with  perfect 
regularity. 

Sarcoplasm  is  the  intercolumnar  substance  by  which  the  sarco- 
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styles  are  united  into  the  muscle-fibers.  It  is  the  protoplasm  of  the 
muscle-corpuscles,  and  forms  a  fine  network  throughout  the  whole 
muscular  fiber. 

From  an  examination  of  the  aforementioned  facts,  Bowman  was 
induced  to  believe  that  the  division  of  the  fiber  into  fibrils,  or  sarco- 
styles,  was  merely  a  phenomenon  of  the  same  kind  as  the  separation 
into  discs,  only  a  more  common  occurrence. 

Cohnheim/s  Areas. — If  a  transverse  section  be  made  of  a  mus- 
cular fiber,  or  the  surface  of  a  separated  disc  be  examined  with  a 
strong  objective,  there  appear  in  the  field  small  polygonal  areas 
separated  by  fine  lines.  In  acid  preparations  they  give  the  appear- 
ance of  a  network.  These  areas  represent  sections  of  the  muscle- 
columns,  and  are  usually  designated  as  Cohnheim's  areas.  The  line 
between  them  represents  the  sarcoplasm,  or  intercolumnar  substance. 

When  a  muscle-fiber  placed  in  fresh  serum  is  examined,  fine, 
longitudinal  lines  are  seen  running  through  the  cross-striping.  If, 
now,  a  weak  acid  is  added  to  swell  the  muscular  substance  and  render 
it  more  transparent,  these  lines  can  be  traced  from  end  to  end  of  the 
fiber.  By  careful  management  of  the  microscope,  it  is  found  that 
these  lines  are  really  the  optical  section  of  the  planes  of  separation 
between  the  sarcostyles ;  that  is  to  say,  the  optical  effect  of  the  sarco- 
plasm,  or  intercolumnar  substance.  The  sarcoplasm,  in  transverse 
section,  presents  the  aspect  of  network;  in  longitudinal  optical  sec- 
tion it  has  the  appearance  of  fine,  parallel  lines.  The  student  can 
very  readily  imagine  how  these  effects  can  be  produced  by  the  pres- 
ence of  a  small  amount  of  interstitial  substance  lying  between  closely 
packed  prismatic  columns. 

In  most  muscular  fibers  the  sarcoplasm  exhibits  a  peculiarity  of 
arrangement  which  has  a  very  characteristic  influence  upon  the  op- 
tical appearance  of  the  fiber.  In  a  longitudinal  view  of  fresh  nmsde, 
the  lines  representing  intercolumnar  sarcoplasm  present  at  regular 
intervals  along  their  course  rather  marked  enlargements.  These  en- 
largements lie  in  the  ])right  cross-stria),  either  r\  their  middle  or  near 
their  junction  with  the  dim  cross-stripes.  These  sarcoplasm  nodules 
have  the  appearance  of  dots  upon  fine  longitudinal  lines  which  run 
through  the  muscle;  in  the  more  extended  fibers  these  dots  are  in 
double  rows.  In  less  extended  parts  they  are  thicker  and  blend 
together  in  the  middle  of  the  bright  strige. 

Structure  of  the  Wing-nmscles  of  Insects. — The  study  of  these 
muscles  has  furnished  the  key  to  the  comprehension  of  the  intimate 
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structure  of  muscle.    As  to  their  structure,  the  wing-fibers  are  in 
complete  agreement  with  ordinary  muscles. 

Wing-fibers  occur  in  large  bundles  of  muscle-columns  or  gaico- 
styles  imbedded  in  considerable  amount  of  granular  sarcoplasm, 
while  the  whole  of  the  structure  is  inclosed  within  a  sarcolemmt. 
The  nuclei  are  scattered  here  and  there.  The  quantity  of  sarco- 
plasm  in  wing-muscle  is  relatively  far  greater  than  in  the  ordinary 
muscle. 

When  wing-muscle  has  been  carefully  teased  into  muscle-col- 
umns, or  sarcostyles,  it  is  found  that  they  contract  while  the  sarco- 
plasm  is  quiescent.  The  muscle-columns  can  then  be  very  carefully 
studied,  when  they  show,  like  other  muscles,  the  alternate  bright  and 
dark  cross-striping.  Each  bright  stria  is  bisected  by  a  line  which  is 
the  optical  section  of  a  transverse  membrane:  the  membrane  of 
Krause.  These  membranes  divide  the  fibers  into  a  series  of  seg- 
ments, called  sarcomeres. 

In  a  muscle  hardened  by  spirits  each  sarcomere  is  seen  to  con- 
tain :  (1)  in  its  middle,  a  strongly  refracting,  disclike  sarcous  ele- 
ment; (2)  at  either  end  (next  the  membrane  of  Krause)  a  clear 
interval  occupied  by  hyaline  substance.  With  strong  lenses  the 
sarcous  elements  can  be  made  out  to  be  composed  of  a  sarcous  sub- 
stance which  stains  with  logwood;  it  is  pierced  by  short,  tubular 
canals  which  extend  from  the  clear  interval  as  far  as  the  middle  of 
the  disc.  It  is  these  canals  which  give  to  the  sarcous  element  its 
longitudinal  striping. 

If,  for  any  reason,  the  sarcostyle  becomes  extended,  the  sarcous 
elements  tend  to  separate  into  two  parts  with  an  interval  between 
them ;  vice  versa,  if  the  muscle  be  contracted  or  retracted  the  sarcous 
elements  tend  to  encroach  upon  the  clear  intervals.  At  the  same 
time  the  sarcous  elements  become  swollen,  so  that  the  sarcomeres 
are  bulged  out  at  their  middle  and  contracted  at  their  ends. 

Changes  in  Contraction. — When  these  muscles  contract,  the  sar- 
cous elements  become  bulged  out  and  shortened,  while  the  fluid  of 
the  clear  interval  becomes  relatively  diminished  in  amount.  The 
ends  of  the  sarcomeres  are  thereby  contracted  opposite  the  membrane 
of  Krause,  so  that  the  sarcostyles  become  moniliform.  This  altera- 
tion in  the  shape  of  the  sarcostyle  necessarily  affects  the  sarcoplasm 
which  lies  in  their  interstices.  It  must  become  squeezed  out  of  the 
parts  which  are  opposite  the  bulgings  of  the  sarcostyles  and  into 
those  parts  which  are  opposite  their  constrictions.  In  other  words, 
the  sarcoplasm  must  accumulate  in  greater  quantity  opposite  the 
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dear  bands  and  the  membranes  of  Krause,  and  must  necessarily 
diminish  in  amount  opposite  the  sarcous  elements. 

In  the  living  muscle  this  change  in  the  position  of  the  sarco- 
plasm  during  contraction  can  be  observed;  the  muscle-columns  tend 
to  cause  the  contracted  parts  to  appear  dark,  the  bulged  parts  bright, 
in  comparison. 

Appearance  of  Muscle  under  Polarized  Light. — Brucke  was  the 
first  to  point  out  that  the  fiber  is  not  composed  entirely  of  a  double 
refracting,  or  anisotropous,  substance.  In  addition  there  is  a  cer- 
tain amount  of  singly  refracting,  or  isotropous,  material.  This 
investigator  points  out  that  there  is  a  diifference  between  the  appear- 
ances presented  by  living  muscle  examined  in  its  own  plasma  and 
those  of  dead  and  hardened  muscle  examined  in  glycerin.  In  living 
muscle  nearly  the  entire  fiber  is  doubly  refracting,  the  isotropous 
substance  occurring  only  as  fine  transverse  lines  or  as  rows  of  rhom- 
boidal  dots  which  are  united  to  one  another  across  the  anisotropous 
substance  by  fine  longitudinal  lines.  Sarcous  element  is  anisotropic; 
sarcoplasm  is  isotropic. 

Hnclei. — In  muscles  tliat  are  cross-striped  are  found  a  number 
of  clear,  oval  nuclei.  They  are  sometimes  spoken  of  as  muscle'Cor- 
puscles.  In  mammalian  muscle  they  usually  lie  upon  the  inner  sur- 
face of  the  sarcolemma.  In  the  nmscles  of  the  frog  and  reptiles  the 
nuclei  lie  in  the  substance  of  the  fiber  surrounded  by  a  small  amount 
of  protoplasm.  When  the  nuclei  lie  immediately  beneath  the  sarco- 
lemma they  are  more  or  less  flattened.  Each  nucleus  contains  one 
or  two  nucleoli.  Mitotic  figures,  denoting  division  of  the  nuclei, 
have  bwn  observed.  The  nuclei  are  not  very  readily  seen  in  fresh 
muscle,  due  to  their  being  of  the  same  refractive  index  as  the  sar- 
cous substance.  Only  after  they  have  undergone  some  spontaneous 
change  or  acetic  acid  has  been  added  to  the  specimen  can  they  be 
readily  discerned. 

In  the  rabbit  and  rays  of  fishes  some  of  the  voluntary  musdcx 
present  differences  from  others,  both  as  to  appearance  and  mode  of 
action.  Thus,  while  most  of  the  voluntary  muscles  are  pale  and  con- 
tract forcibly  when  irritated,  the  soleus  and  scmitendinosus  show 
different  characteristics.  They  are  of  a  deeper  color  and  respond 
with  slow,  prolonged  contractions  when  stiumlated.  Thus,  in  these 
animals  there  are  red  and  white  muscles. 

In  other  animals,  this  distinction  of  nmscles  is  not  found  as 
regards  a  whole  muscle,  but  may  affect  individual  fibers.  Thus,  in 
the  diaphragm  many  of  the  fibers  have  numerous  nuclei  imbedded 
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within  the  protoplasm  so  as  to  form  an  almost  continnons  layi 
beneath  the  sarcolemma. 

Selation  to  Tendons. — When  a  muscle  terminates  in  a  tendon,! 
is  found  that  the  muscular  fibers  either  run  in  the  same  direction  as 
the  fibers  of  the  tendon  or  join  with  the  tendon  at  an  acute  angle. 
According  to  Toldt,  the  delicate  connective-tissue  elements  covering 
the  several  muscular  fibers  pass  from  the  latter  directly  into  the  con- 
nective-tissue elements  of  the  tendon.  According  to  another  author, 
the  ends  of  the  muscular  fibers  are  believed  to  be  fastened  to  the 
smooth  tendons  by  means  of  a  special  cement.  However,  it  is  prob- 
able that  the  areolar  tissue  which  lies  between  the  tendon-fibers 
passes  between  the  ends  of  the  muscular  fibers  to  be  gradually  lost 
in  the  interstitial  connective-tissue. 

Blood-vessels  of  Muscle. — The  blood-vessels  to  the  muscles  are 
very  numerous.  The  average  muscle  leads  such  an  active  life  that 
its  nourishment  and  repair  material  must  be  in  proportionate  rela- 
tion. Unlike  the  organs,  as  the  kidney  and  spleen,  which  usually 
are  supplied  by  one  artery  and  vein,  muscles  receive  several  branchus 
from  various  arteries  which  pierce  the  muscle  at  different  point? 
along  its  course. 

The  artery  and  vein  usually  are  in  close  proximity,  being  held 
in  position  by  the  connective  tissue  upon  the  perimysium.  The  capil- 
laries lie  between  the  muscle-fibers  in  the  endomysium,  but  ott/i^i^ 
of  the  sarcolemma.  Here  the  capillaries  are  small,  and  form  a  fine 
network  with  narrow,  oblong  meshes,  which  are  stretched  out  in  the 
direction  of  the  fibers.  The  capillaries  have  both  longitudinal  and 
transverse  vessels.  The  lymph  that  is  destined  to  support  the  !>ar- 
cous  substance  must  pass  through  the  sarcolemma  to  reach  the  same 

Muscle  Nerve-supply. — The  nerve-supply  to  muscles  is  IxHh 
motor  and  sensory.  Each  muscle-fiber  receives  a  motor  nerve-filnT. 
The  trunk  of  the  motor  nerve,  as  a  rule,  enters  the  muscle  at  its 
geometrical  center  (Schwalbe) ;  thug;  the  point  of  entrance  in  a  long, 
spindle-shaped  muscle  lies  near  its  middle.  At  this  "geometrical 
center"  there  is  the  point  of  least  disturbance  during  contraction  of 
the  muscle.  After  the  trunk  of  the  nerve  pierces  the  muscle  it  pr^ 
ceeds  to  divide  dichotomously  until  there  are  just  as  many  nerve- 
fibers  as  muscle-fibers.  A  nerve-fiber  now  enters  each  muscle-fiber, 
to  do  which,  of  course,  it  must  pierce  the  sarcolemma.  The  point 
of  entrance  forms  an  eminence  known  as  Doyere^s  eminencey  or 
motorial  end-plate.  At  this  point  the  sheath  of  the  nerve-fiber 
becomes  continuous  with  the  sarcolemma.     The  eminence  itself  con- 
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usU  of  a  mass  of  protoplasm  (BarcopUem)  containing  grannies  and 
nuclei.  Beneath  the  sarcolerama  the  original  nerve-fiber  ia  broken 
op  into  a  number  of  divisions,  spoken  of  as  nerve-endings.  These 
irc  divisions  of  the  axis-cylinder  which  are  spread  over  the  sarcous 
snbstancc  without  piercing  itl  To  this  branched  arrangement  of 
the  oerve-endings  Kiihno  gave  the  name  motor  spray. 


Kir.  IS!). — Unstriped  Muscular  Tiiuiiie.     (Ki. 


The  nervo-on (lings  are  thus  confined  to  very  small  areas  on  the 
luscle-fibcrs  which  have  licen  terniod  by  the  same  author  fields  of 
mervalion.  As  a  rule,  each  niusclc-flber  has  hut  one  such  area;  it 
the  exception  to  find  more  than  one,  but  as  many  as  eight  have 
Kfn  found  in  very  long  fibers. 

Setisort/  fibers  are  also  found  in  muscles,  for  it  is  through  their 
reeence  that  wo  obtain  muscle  sensibility.     They  seem  to  be  dis- 
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tributed  upon  the  outer  surface  of  the  sarcolemma,  where  there  is 
formed  a  plexus.     This  plexus  winds  round  the  muscle-fiber. 

Cardiac  Muscle. — Some  mentipn  has  previously  been  made  con- 
cerning cardiac  muscle,  so  that  at  this  point  only  its  most  striking 
peculiarities  will  be  mentioned,  and  that  cursorily,  (a)  It  is  a 
striped  muscle.  However,  its  striations  are  not  nearly  so  distinctly 
marked  as  are  those  of  voluntary  muscle.  Occasionally  it  is  noticed 
to  be  marked  longitudinally.  (6)  Cardiac  muscle-fibers  possess  no 
sarcolemma.  (c)  Its  fibers  branch  and  anastomose,  (d)  The  nucleus 
is  placed  in  the  center  of  each  cell.  One  author  says  that  cardiac 
muscle  stands,  physiologically,  midway  between  striped  and  unstriped 
muscle.  When  stimulated,  its  contractions  occur  slowly,  but  last  for 
a  considerable  length  of  time. 

Nonstriped  Muscle. — These  muscles  are  made  up  of  a  number  of 
contractile  fiber-cells,  of  an  elongated,  fusiform  shape,  usually 
pointed  at  the  end.  These  fiber-cells  may  be  readily  demonstrated 
by  placing  the  tissue  in  a  strong  alkaline  solution  or  in  a  solution 
of  strong  nitric  acid. 

Upon  transverse  section  they  arc  generally  prismatic,  but  some- 
times are  more  flattened.  Their  muscle-substance  is  doubly  refract- 
ing. Each  cell  has  a  nucleus  which  is  either  elongated  or  oval.  It 
may  contain  one  or  more  nucleoli.  The  nucleus  is  brought  into 
view  by  means  of  dilute  acetic  acid  or  staining  reagents. 

The  involuntary  fiber-cells  have  a  delicate  sheath,  which,  like 
the  sarcolemma  of  voluntary  muscle-fiber,  is  very  apt  to  bceome 
wrinkled  when  the  fiber  is  contracted.  By  reason  of  this  an  indis- 
tinctly striated  appearance  may  be  produced. 

While  fiber-cells  do  occur  singly,  yet  it  is  more  common  for  them 
to  be  found  in  groui)s.  Thus,  muscular  sheets,  or  bundles,  are  pro- 
duced which  may  cross  one  another  and  interlace,  being  held  in  po>i- 
tion  by  enveloping  connective  tissue.  The  individual  cells  are  united 
by  the  i)resence  of  a  very  delicate  cement. 

The  average  length  of  the  fiber-cells  ranges  from  Vioo  ^^  ^/^' 
of  an  inch ;  those  forming  the  middle  coat  of  the  arteries  are  shorter, 
those  in  the  intestinal  tract  and  pregnant  uterus  are  considerably 
longer. 

Where  Found. — The  unstriped  muscular  tissue  is  more  g^^' 
erally  distributed  within  the  body  than  one  would  suppose.  It  J^*^ 
found  in  the  lower  part  of  the  (esophagus,  in  the  stomach,  small  and 
large  intestines;  in  arteries,  veins,  and  lymphatics;  in  the  ureters, 
bladder,  and  urethra ;  in  the  internal  female  generative  organs,  etc. 
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Blood-supply. — The  blood-supply  to  unstriped  muscle  is  very 
free,  but  not  nearly  so  liberal  as  that  to  voluntary  muscle.  The  nerve- 
mpply  is  from  the  sympathetic  system,  and  comprises  both  medullated 
and  nonmedullatcd  fibers.  The  fibers  form  a  main  plexus,  lying  in 
the  connective  tissue  of  the  perimysium.  From  this  plexus  of  fibers 
there  come  off  numerous  fibrils,  which  traverse  the  fiber  and  nucleus. 

Irritability  of  Muscle. — Contractility,  elasticity,  tonicity,  and 
irritability  are  terms  used  to  designate  various  properties  of  muscles. 

Thus,  contractility  is  the  property  the  muscle  possesses  of  short- 
ening and  of  giving  a  contraction  when  it  is  excited. 

Elasticity  is  the  general  property,  common  to  muscles  and  many 
other  bodies,  of  stretching  under  the  influence  of  a  weight  and  of 
then  returning,  more  or  less  perfectly,  to  the  first  shape. 

Tonicity  is  the  state  midway  between  extreme  contraction  and 
relaxation.  It  is  a  condition  depending  upon  the  central  nervous 
system. 

In  addition,  muscle  possesses  a  property  that  is  common  to  all 
live  tissues  and  which  is  of  fundamental  importance  in  general  physi- 
ilofry.  It  is  irritability.  By  irritability  is  meant  that  property  of  a 
living  element  to  act  according  to  its  nature  under  the  stimulus  of 
an  excitant. 

Paralyses  have  been  observed  which  have  lasted  for  several 
months  or  even  several  years  and,  although  the  nerves  were  abso- 
lutely unexcitable,  yet  the  muscles  had  retained  their  irritability. 
This  may  be  readily  demonstrated  in  cases  of  paralysis  of  the  seventh 
pair  of  nerves. 

The  independence  of  muscle  irritability  is  formally  demonstrated 
by  experiment  in  which  the  known  action  of  the  drug,  curare,  upon 
muscles  is  taken  advantage  of.  A  watery  extract  of  this  drug,  when 
injected  into  the  blood  of  an  animal  or  introduced  beneath  its  skin, 
lets  chiefly  upon  the  motor  nervc-endings.  It  does  not,  however, 
iffinrt  muscular  contractility.  Curare  is  an  agent  which  separates  the 
muscle-element  from  the  nerve-element  by  a  ])hy8i()logical  disswtion 
much  superior  to  the  coarse  anatomical  dissections  which  we  could 
nake. 

When  a  few  milligrams  of  this  drug  are  injected  into  the  dorsal 
!ymph-sac  of  a  frog,  the  poison  is  absorbed  within  a  few  minutes. 
The  animal  soon  ceases  to  support  itself,  but  lies  in  any  position  in 
jrhich  it  may  be  placed  by  the  experimenter.  It  is  paralyzed,  produc- 
ng  neither  voluntary  nor  reflex  movements.  Now,  should  the  brain 
)e  destroyed,  the  skin  removed,  and  the  sciatic  nerve  stimulated  by 
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electricity,  no  movements  of  the  muscles  of  the  limb  follow.  On  the 
other  hand,  should  the  stimulus  be  applied  directly  to  the  muscles, 
they  immediately  contract.    Therefore  the  muscle  is  irritable  by  itself. 

By  this  it  would  seem  to  be  clearly  demonstrated  that  irritability 
belongs  to  the  muscle,  and  does  not  depend  upon  the  nerve-fibere 
mingled  with  those  of  the  muscle. 

In  addition  to  this  classical  experiment  there  may  be  mentioned 
several  other  facts  which  go  to  corroborate  what  has  been  mentioned 
concerning  irritability : — 

1.  The  chemical  excitants  of  the  muscle  are  not  the  same  as  the 
chemical  excitants  of  the  nerves.  Thus,  glycerine  excites  the  nene, 
but  has  no  effect  upon  the  muscle. 

2.  Isolated  muscle-fibers  have  been  seen  which,  according  to 
microscopical  examination,  contained  no  nervous  elements  and  which, 
notwithstanding,  were  contractile. 

3.  If  the  decreasing  progress  of  irritability  be  followed  after 
death,  in  the  muscle  as  well  as  in  the  nerve,  it  will  be  found  that 
the  nerve  dies  long  before  the  muscle.  When  the  nerves  have  lost 
all  irritability,  the  muscle  is  still  alive,  and  can  contract  under  the 
influence  of  excitations  directly  applied  to  its  tissue.  It  is  at  that 
very  moment  when  the  nerves  have  lost  all  excitability  that  the  mus- 
cle is  at  its  maximum  of  irritability. 

Influence  of  Blood  Upon  Irritability. — It  has  been  demon- 
strated by  experiment  upon  the  frog  that  when  the  artery  of  a  mem- 
ber is  ligated  the  muscle  contraction  is  less  high  and  less  strong  than 
if  the  artery  had  been  left  intact. 

Stenon's  experiment  of  ligating  the  abdominal  aorta  of  a  dog 
is  worthy  of  mention.  In  twenty  to  thirty  minutes  after  the  ligation 
the  dog  seems  paraplegic,  lie  is  unable  to  stand  upon  his  hind 
limbs.  Keflex  and  voluntary  movements  are  completely  lost;  muscle 
irritahilitij,  hoircvcr,  persists  for  nearly  three  hours. 

When  the  ligature  is  removed  movement  does  not  return  to  the 
limbs  at  once,  but  within  a  very  short  time  the  dog  is  able  to  stand 
upon  his  four  feet. 

Stimuli. — Those  extreme  forces  which  bring  into  play  the  irrita- 
bility of  the  muscle  are  simply  various  forms  of  energy.  To  them 
the  name  stimuli  has  been  applied.  By  their  action  the  muscle  is 
thrown  into  a  state  of  excitement  whereby  the  chemical  energy  of 
the  muscle  is  transformed  into  heat  and  work.  These  innscle 
excitants,  or  stimuli,  are  of  five  varieties:  (a)  nervotis,  (b)  eUctricah 
(c)  thermal,  (d)  mechanical,  and  (e)  chemical. 
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Nebvous  Stimuli. — The  most  important  of  all  the  excitatory 
forces  of  the  muscle  is  innervation.  In  the  normal  state  there  is 
scarcely  any  other  than  this  to  produce  muscle  contraction.  Our 
muscles,  as  well  as  those  of  all  other  animals,  contract  because  the 
motor  nerve  transmits  to  them  the  spontaneous  or  reflex  excitation 
of  the  nervous  centers.  The  nerve  impulses  average  about  ten  per 
second.  The  stimulus  is  exactly  proportioned  to  the  effect  which 
must  be  obtained. 

Electrical  Stimuli. — Electricity  is  employed  in  preference  to 
any  other  external  agent  to  bring  into  play  the  irritability  of  muscle. 

Thermal  Stimuli. — Thermic  excitations  also  provoke  muscular 
movements.  The  stomach  and  intestines  are  viscera  whose  muscles 
are  very  readily  excited  by  heat  and  cold.  They  contract  very  ener- 
getically when  very  cold  drinks  are  taken  and  their  temperature  is 
suddenly  modified.  On  the  contrary,  striated  muscles  hardly  react 
to  thermic  excitants.  If  heat  or  cold  be  applied  gradually,  there  is 
not  produced  any  muscle  contraction.  p]xcitants  act  only  when  they 
are  applied  suddenly. 

Mechanical  Stimuli. — Mechanical  excitants  that  are  capable 
of  producing  muscular  contraction  are  rather  common.  Thus,  the 
surgeon,  while  performing  an  operation,  notices  slight  fibrillary 
tremblings  following  each  stroke  of  his  scalpel. 

Chemical  Stimuli. — It  can  be  stated  as  a  rule  that  all  the 
substances  which  are  fatal  to  the  life  of  the  muscle  are  excitants  of 
the  muscle.  On  this  ground,  distilled  water  is  an  excitant,  for  when 
it  is  injected  into  the  arterial  system  of  a  frog  its  muscles  show 
fibrillar}'  twitchings.  Not  only  does  the  water  excite  the  muscle,  but 
it  also  kills  rapidly. 

Chemical  Constitution  of  Muscle-tissue. — The  chemical  study  of 
muscle  is  one  of  the  most  difficult  of  physiological  chemistry.  There 
are  in  the  muscle  proteid  matters  very  like  one  another  and  which 
can  be  distinguished  only  by  superficial  characters.  This  renders 
results  far  from  being  satisfactory  or  reliable. 

Besides,  it  is  necessary,  in  order  to  know  chemical  reactions  of 
muscles,  to  study  only  living  muscle.  But  from  previous  study  it 
will  be  recalled  that  even  the  weakest  chemical  actions  produce  very 
decided  changes  in  the  muscles,  with  consequent  alteration  of  its 
chemical  functions. 

Then,  too,  muscle-fiber  is  mingled  with  many  other  tissues, 
arteries,  veins,  nerves,  connective  tissues,  etc.;  the  separation  of  the 
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muscnlar  fiber  from  its  enveloping  media  is  almost  impossible  com- 
pletely to  effect. 

Beaction. — Living  muscle  is  alkaline;  however,  after  extreme 
activity  and  after  death '  its*  reaction  is  found  to  be  acid.  This  is 
due  to  the  development  of  sarcolactic  acid.  The  postmortem  change 
in  muscular  constitution  is  due  to  spontaneous  coagulation  of  a  pro- 
teid  within  the  muscle-fibers. 

Constituents  of  Muscle. — Proteids. — Most  abundant,  myosino- 
gen  (pseudoglobulin),  paramyosinogen  (euglobulin)  of  muscle  exii>t- 
ing  as  one-fourth  in  amount  of  myosinogcn. 

Coloring  Matter. — Myohajmatin. 

Ferment. — Myosin  ferment,  and  another  ferment  in  muscle 
which,  with  the  activitor  of  the  pancreatic  juice,  destroys  sugar. 

Extractives. — (1)  Non-nitrogenous  Extractives: — 

1.  Glycogen.  *  4.  Inosite. 

2.  Dextrin  and  sugars.  5.  Fat. 

3.  Lactic  acid. 

(2)  Nitrogenous  Extractives: — 

1.  Creatin.  6.  Urea. 

2.  Creatinin.  7.  Gamine. 

3.  Xanthin.  8.  Carnic  acid. 

4.  Hypoxanthin.  9.  Inosinic  acid. 

5.  Uric  acid.  0.  Taurine. 

Carbohydrates  of  Muscle. — (1)  Glycogen.  (2)  Lactic  Acid.  («) 
The  optically  inactive  acid,  ordinary  lactic  acid  of  fermentations,  as 
in  milk;  small  quantity  in  muscle,  (h)  Dextro-rotary  lactic  acid. 
This  is  paralactic  or  sarcolactic  acid,  the  chief  lactic  acid  of  muscle. 

The  bulk  of  authority  tends  to  prove  that  sarcolactic  acid  mainly 
comes  from  pro  teid. 

Urea. — A  small  (juantity  in  muscle  (0.07  to  0.02  per  cent.).  Itw 
supposed  that  mo.^t  of  the  creatin  is  broken  up  into  ammonia  before 
it  leaves  the  muscle. 

Mijosin. — Myosin  is  formed  from  myosinogeny  myosin  fermtnt, 
and  calcium  salts. 

Synionin. — When  a  solution  of  myosin  is  heated  it  is  altered  i^^ 
such  a  manner  that  it  can  no  lon<^er  be  dissolved  in  NaCl  as  before- 

If  it  be  treated  with  dilute  IICl,  it  becomes  altered  in  still 
another  manner,  and  produces  an  important  substance  which  is  called 
syntonin. 
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If  syntonin  in  HCl  solution  have  pepsin  added  to  it,  the  syntonin 
is  translormed  into  peptone, 

Muscleserum, — In  the  coagulation  of  blood  two  principal  com- 
ponents are  noted:  the  clot  and  the  scrum  floating  upon  the  clot. 
Also,  after  coagulation  of  the  muscular  juice,  myosin  and  serum  must 
be  distinguished. 

The  muscle-serum  which  floats  upon  the  surface  of  the  myosin 
contains  several  substances. 

The  amount  of  proteid  matters  contained  in  the  muscular  tissues 
is  very  variable.  It  is  usually  stated  that  in  100  parts,  by  weight, 
of  muscle,  there  are  20  parts  of  proteid  matters. 

Extractives. — Creatinin  is  derived  from  creatin  by  dehydra- 
tion. The  amount  of  creatinin  in  muscle  is  small,  being  but  0.2  per 
cent. 

Ilypoxanthin  and  xanthin  occur  to  the  extent  of  about  0.02  per 
cent. 

Halliburton  found  a  myosin- ferment.  Its  presence  would  seem 
to  explain  the  coagulation  of  myosin. 

Glycogen. — Among  the  nonnitrogenized  substances  must  first 
be  classed  the  sugars  and  their  analogues.  Glycogen  is  the  principal 
muscle-starch.  The  glycogen  in  the  muscles  was  discovered  by 
Claude  Bernard  while  looking  for  the  glycogen  in  the  liver  of  the 
foetus  and  newborn.  He  found  in  the  muscles  of  the  embryo  quanti- 
ties of  glycogen  that  were  relatively  enormous.  Glycogen  exists  in 
all  of  the  muscles. 

The  more  active  the  state  of  a  muscle,  the  less  glycogen  it  con- 
tains. Therefore,  much  of  it  is  found  in  those  muscles  which  con- 
tract but  little. 

Muscle  extract  and  pancreatic  activator  when  mixed  together 
rapidly  destroy  sugar  in  the  blood,  probably  by  the  formation  of  a 
ferment.  Either  extract  alone  is  powerless  to  break  up  glucose. 
These  two  extracts  resemble  the  action  of  enterokinase  upon  trypsin- 
ogen. 

Inosite. — It  is  a  sort  of  crystallizablc  body  that  is  unferment- 
able.  That  is,  it  does  not  ferment  to  form  alcohol,  but  lactic  acid. 
It  is  found  in  the  vegetable  kingdom  also,  where  it  is  usually  extracted 
from  peas  or  beans.  It  is  identical  with  the  inosite  of  muscle.  It 
is  not  a  sugar,  but  belongs  to  the  aromatic  series. 

MiKERAL  StniSTANCES. — Alkaline  phosphates  predominate.  In 
100  parts  of  ash  there  are  about  90  parts  of  phosphates.  The  metals 
found  in  muscle  are  potassium,  sodium,  and  calcium;   there  is  also 
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a  small  quantity  of  magnesium  and  iron.  Phosphoric  acid  exists  in 
muscle  as  inorganic  phosphates,  phosphorus  of  phosphocarnic  acid, 
and  phosphorus  of  inosinic  acid.  Carnic  acid  is  identical  with  anti- 
peptone.  When  a  muscle  works  it  increases  the  phosphates  in  the 
urine.     The  gases  found  in  muscle  are  carbonic-acid  gas  and  oxygen. 

Adipocere  is  a  waxy  substance  which  replaces  muscular  ti!^sue  if 
bodies  be  buried  in  damp  soil.  It  consists  principally  of  a  soap  made 
of  calcium  w^itli  palmitic  and  stearic  acids. 

Bigor  Mortis. — During  rigor  mortis  the  muscles  become  rigiil, 
hard,  inextensible,  shortened  and  swollen,  as  though  in  a  state  of 
contraction.     After  death,  rigor  mortis  is  a  constant  phenomenon. 
The  muscles  to  first  become  rigid  are  the  masseter,  temporal,  and 
internal  pterygoid.     Then  it  seizes  the  muscles  of  the  trunk  and 
neck,  then  the  arms  and  the  legs.     Tetanus  and  rigors  appear  in  the 
same  muscles  and  extend  to  others  in  the  same  way. 

In  rigor  mortis  the  thumb  is  in  the  palm  of  the  hand  and  covered 
with  the  other  fingers,  showing  that  the  flexor  muscles  overcome 
their  antagonistic  muscles,  the  extensors.  The  jaws  are  contracted, 
the  eyes  are  widely  open,  the  head  and  neck  are  drawn  backward,  the 
abdomen  is  depressed,  the  extremities  are  half  flexed,  and  the  feet 
are  extended. 

Cause  of  Riger  Mortis. — It  is  due  to  the  myosinogen  becom.  - 
ing  myosin  by  the  action  of  the  myosin  ferment  with  calcium  saUa^- 
During  rigor  mortis  the  muscles  become  acid,  due  to  sarcolactic  aci  ci 
and  acid  phosphates,  the  muscle  becomes  cloudy,  and  gives  of!  hea  t 
and  carbonic  acid.  After  some  time  rigor  mortis  passes  off  andthi*^ 
body  becomes  relaxed.  After  fatigue  the  rigor  mortis  ensues  rapidl>' 
after  death,  lasts  but  a  short  time,  followed  by  putrefaction.  It  1=^ 
well  known  that  butchers  do  not  kill  animals  tired  by  a  longval''^? 
but  wait  for  a  rest  of  some  days. 

In  man  it  is  generally  four  hours  after  death  that  cadaven^^ 
rigidity  becomes  complete.  As  a  rule,  it  may  be  said  that  rigidity 
begins  two  hours  after  death,  reaching  its  maximum  two  hours  late^- 

A  particular  kind  of  rigor  mortis  has  been  observed  by  milita^^ 
surgeons.     Soldiers  while  in  full  activity  have  been  struck  by  pf^^ 
jectiles  and  have  been  seen  to  become  stiff  instantaneously.     It  i3   * 
sort  of  rigor  mortis  which  seizes  all  of  the  muscles  of  the  body  imn^^ 
diately  after  death. 

Influence  of  Temperature. — Animals  which  have  died  in  heaf^^ 
chambers  become  rigid  very  quickly  and  the  rigidity  disappears 
quickly. 
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Fig.   IBO.— The  Pendulum  Myograph.     (FOSTBB.) 


54  G  PHYSIOLOGY. 

Cold,  which  retards  chemical  phenomena,  retards  the  appea^ 
ance  of  cadaveric  rigidity  and  prolongs  it  enormously. 

Influence  of  Fatigue. — The  influence  of  prolonged  labor  of  the 
muscle  upon  the  premature  appearance  of  rigidity  is  an  indisputable 
fact. 

Muscular  Labor  and  ITrea  Excretion. — With  the  ordinary  diet  of 
fats,  carbohydrates,  and  proteids,  muscular  labor  greatly  increases 
the  output  of  carbon  by  the  lungs  in  the  shape  of  carbon  dioxide, 
whilst  the  nitrogen  excreted  as  urea  is  slightly,  if  at  all,  increased. 
In  a  fasting  animal  work  increases  the  excretion  of  both  the  carbon 
and  the  nitrogen.  The  output  of  carbon  is  proportional  to  the  work 
done,  the  nitrogen  not  being  so  closely  proportional.  Here  the  mus- 
cle procures  its  energy  from  the  proteids,  whilst  the  animal  with  an 
ordinary  diet  uses  up  mainly  the  carbohydrates  and  fats. 

Hence,  in  muscular  exertion  the  chief  foods — proteids,  fats,  and 
carbohydrates — are  metabolized  in  order  to  set  free  heat  and  work. 
In  doing  this  the  muscle  prefers  to  break  up  the  fats  and  carbo- 
hydrates rather  than  the  proteids.  Hence  when  muscle  fulfills  its 
two  chief  functions,  to  produce  work  and  heat,  it  uses  up  the  fats 
and  carbohydrates  and  proteids,  but  the  proteids  are  chiefly  used  to 
build  up  and  repair  the  muscle-substance  itself. 

Saucolactic  Acid. — The  production  of  sarcolactic  acid  is  the 
more  abundant  as  the  muscle  has  been  longer  and  more  strongly 
excited. 

Myograph. — The  du  Bois-Keymond  induction  coil  is  the  one 
most  commonly  employed  in  physiological  experiments.     When  !t  is 


the  swing  of  the  pendulum,  Is  also  unnitted.    Before  commencing;  an  expeiimeot 
the  pendulum  is  raised  up  (In  the  figure  to  the  right)  and  is  kept  in  that  position 
by  the  tooth  (a)  catching  on  the  spring-catch  (b).     On  depressing  the  catch  (b> 
the  glass  plate  is  sot  free,  swings  into  the  new  position  indicated  bjr  the  dotted 
lints,  and  is  held  in  that  position  by  the  tooth  (a')  catching  on  the  catch  {Vh 
In  the  course  of  its  swing  Ihe  tooth  ia'),  coming  into  contact  with  the  projecting 
steel  rod  (r),  Icnocks  it  on  one  side  into  the  position  indicated  by  the  dotted  line 
ic').    The  rod  (r)  is  in  electrical  continuity  with  the  wire  (x)  of  the  primary  ooU 
of  an  induction-machine.    The  Bcreytf  (d)  is  similarly  in  electrical  continuity  with 
the  wire  (y)  of  the  same  primary  coil.    The  screw  (d)  and  the  rod  (c)  are  armed 
with  platinum  at  the  points  at  which  they  are  in  contact,  and  both  are  insulated 
by  moans  of  the  ebonite  block  (f).    As  long  as  c  and  d  are  in  contact  the  circuit 
of  the  primary  coil  to  which  ae  and  p  belong  is  closed.    When  jn  its  swing  the 
tooth  {a')  knocks  c  away  from  d,  at  that  instant  the  circuit  is  broken,  and  i 
"breaking"  shock  is  sent  through  the  electrodes  connected  with  the  secondary 
coil  of  the  machine  and  so  through  the  nerve.    The  lever  (I),  the  end  only  of 
which  is  shown  in  the  figure,  is  brought  to  bear  on  the  glass  plate,  and  when  at 
rest  describes  a  straittht  line,  or  more  exactly  an  arc  of  a  circle  of  large  radlm. 
The  tuning-fork  if),  the  ends  only  of  the  two  limbs  of  which  are  shown  In  the 
figure  placed  immodiutcly  below  the  lever,  serves  to  mark  the  time. 
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necessary  to  use  very  rapid  breaking  of  the  current,  some  instrument 
must  be  employed  for  that  purpose.  The  first  instrument  used  in 
making  myograms  was  that  of  Hehnholtz. 

Simple  Contraction. — If  a  single  induction  shock  be  applied  to 
a  muscle  there  will  result  a  simple  muscular  contraction;  that  is,  the 
muscle  will  respond  by  a  quick  contraction,  with  return  to  its  former 
relaxed  condition.  This  contraction,  when  graphically  shown,  is 
termed  a  simple  muscle-curve. 

Mu8CLE-cuRVE,  OR  MYOGRAM. — If  the  musclc-curve  of  a  single 
stimulus  be  analyzed,  it  will  be  seen  to  be  composed  of  various  ele- 


a  S 


Fig.  191. — ^A  Muscle-curve  Obtained  by  Means  of  the  Pendulum 

Myograph .     (  Fosteb.  ) 

To  be  read  from  left  to  right. 

a  indicates  the  moment  at  which  the  Induction-shock  Is  sent  into  the  nerve, 
b.  The  commencement;  c,  the  maximum;  and  </,  the  close  of  the  contraction. 
The  two  smaller  curves  succeeding  the  larger  one  are  due  to  oscillations  of  the 
lever. 

Bf'low  the  muscle-curve  Is  the  curve  drawn  by  a  tuning-fork  making  180 
double  vibrations  a  second,  each  complete  curve  therefore  representing  Viw>  of  a 
second.  It  will  be  observed  that  the  plate  of  the  myograph  was  traveling  more 
rapidly  toward  the  close  than  at  the  beginning  of  the  contraction,  as  shown  by 
the  greater  length  of  the  vibration-curves. 


ments,  as  follows:  (1)  period  of  latent  stimulation,  (2)  period  of  con- 
traction,  and  (3)  period  of  relaxation. 

Latent  Period. — The  significance  of  this  term  is  that  the  muscle 
experimented  with  does  not  respond  at  the  precise  moment  when  the 
stimulus  is  applied  to  it.  The  response  comes  later — about  Vioo  o' 
a  second.  During  the  latent  period  there  is  no  apparent  change 
occurring  within  the  muscle.  The  latent  period  may  be  modified  by 
increased  stimulus  and  heat,  when  it  becomes  shortened ;  fatigue  and 
cold  lengthen  the  time.  The  latent  period  of  unstriped  muscle  may 
be  as  long  as  one  or  two  seconds. 

Contraction  Period, — The  muscle-curve  comprises  two  periods: 
that  of  the  ascent  and  that  of  the  descent  of  the  muscle.     The  ascent 
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of  the  curve  represents  the  contraction  of  the  muscle  until  it  hae; 
reached  its  maximum.  The  rate  of  contraction  is  at  first  a  trifle 
slow,  then  more  rapid  and  more  slow  a  second  time.  The  extent  is 
Vioo  of  *"•  second. 

Belaxation  Period, — After  the  muscle  has  contracted  to  its  max- 
imum, it  begins  to  relax — at  first  slowly,  then  more  quickly,  and 
finally  more  slowly  again.  Its  duration  is  ^/^oo  of  a  second.  It  is 
shorter  with  a  weak  stimulus  and  longer  with  a  strong  stimulus. 


Fig.   192. — Arrangement  of  Apparatus  in  Conducting  Experiments  on 

Nerve  and  Muscle.     (Stirling.) 

B,  Oalvanic  battery.  K,  Electric  key  In  primary  circuit.  P.  Primary  coil 
of  Induction  machine.  S,  Secondary  coil  of  induction  apparatus,  from  wblcb 
the  current  is  conducted  when  the  key  {K')  is  open  to  the  electrode  (J?)  on 
which  rests  the  nerve  (n).  The  muscle  (if)  is  supported  by  a  clamp  under 
a  glass  shade,  its  tendon  being  connected  by  a  thread  with  a  lever  (L)  writ- 
ing on  the  smoked  surface  of  a  revolving  drum.  The  time-marker  (TJf)  is 
Included  in  the  primary  circuit  so  that  when  the  current  passes  through  P  by 
closing  the  key  (JT)  it  also  traverses  the  electromagnet  of  the  time-marker 
and  causes  a  record  of  the  instant  of  stimulation  to  be  made  on  the  surface 
of  the  drum.  8,  Stand  supporting  moist  chamber.  W,  Weight  by  which  muscle 
is  stretched  and  which  is  lifted  in  the  contraction  of  the  muscle. 


In  the  myograph  we  use  a  light  lever  and  a  w^eight  as  near  its 
a.xis  as  possible  to  record  the  contraction.  Here  the  tension  of  the 
muscle  in  its  contraction  and  relaxation  remains  nearly  the  same. 
This  contraction  is  called  an  isotonic  contraction.  The  isometric 
contraction  is  produced  when  the  muscle  pulls  against  a  spring. 
Here  the  muscle  undergoes  slight  change  in  length  and  the  energy 
of  change  of  form  is  transformed  into  tension  and  stored  in  the 
spring.  An  examination  of  isometric  and  isotonic  curves  proves  that 
a  muscle  which  has  shortened  to  a  given  length  will  be  making  a  far 
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perhapB  fats  and  proteids,  and  giving  off  carbonic  acid.  When  the 
muscle  becomes  active  and  docs  work,  then  the  chemical  changes 
become  more  active. 

The  chief  differences  between  resting  and  acting  muscle  arc: 
(1)  the  acting  muscle  forms  more  CO, ;  (2)  more  oxygen  is  consumed ; 
(3)  sarcolactic  acid  is  formed;  (4)  glycogen  is  made  use  of;  (5)  the 
substances  soluble  in  water  diminish  in  amount,  while  those  soluble 
in  alcohol  increase. 

CUANOES  IN  THE  VOLUUE  OP  THE  MuSCLE  DUBING  CONTRAC- 
TION.— Muscular  contraction  can  be  defined  by  its  apparent  effects; 


Fig.  IDo. — An  Experiment  to  Show  that  a  Contracting  Muscle  doei 
not  Change  its  Volume.      (Hedon.) 

T,  Vetiiel  Dlled  wltb  water  contalDlDg  tbe  Iroi'a  toot,  the  aerre  upon  iwo 
FlectrodeB.  1,  C<ip1]Iai7  tube  In  which  the  levol  or  the  vater  la  obacrTed.  /'. 
Balterr. 

a  shortening  of  the  muscle.  By  experiment  it  has  been  shown  that 
the  muscle  on  contracting  simply  shifts  its  muscular  units  when  it 
shortens,  for  the  volume  of  the  muscle  remains  the  same. 

HoMle-waTe. — When  a  muscle  is  placed  beneath  two  levers 
some  distance  apart,  and  one  end  of  the  muscle  is  stimulated,  then 
a  wave  of  muscular  contraction  runs  through  it.  The  distance 
between  the  points  at  which  the  two  curves  begin  to  rise  from  the 
abscissa  gives  the  rate  of  wave-movement. 

The  continuity  of  the  muscle-fiber  is  the  reason  the  wave  ia 
propagated.     The   fibers   stimulated   are  set   into   activity   and   the 
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DiTRATioN  OP  Tetanus. — A  tetanized  muscle  cannot  be  kept  con- 
tracted for  a  considerable  length  of  time,  even  though  the  stimuli 
be  kept  constant.  The  muscle  begins  to  elongate — ^at  first  some- 
what quickly,  but  later  more  slowly.  This  change  is  produced  by 
fatigue  of  the  muscle. 

Effect  of  Temperature  on  XuBcle-curve. — Low  temperature  makes 
the  contraction  longer  and  lower;  the  latent  period  is  longer,  and 
the  relaxation-curve  is  greatly  not  unlike  that  of  a  fatigued  muscle. 
When  the  temperature  is  raised,  the  setting  free  of  energy  is  more 
rapid;  hence  the  time  of  contraction  is  shortened,  especially  the 
latent  period  and  time  of  shortening  of  the  muscle. 

Strength  of  StimuluB. — ^If  you  apply  a  current  just  sufficient  to 
cause  a  muscle  to  contract,  and  then  increase  the  strength  of  the 
current,  the  muscular  contraction  will  become  more  rapid  and  more 
complete.  But  the  increase  in  contraction  is  not  proportional  to  the 
increase  in  stimulus.  As  the  stimulus  is  gradually  increased,  the 
increase  in  contraction  becomes  smaller  and  smaller.  After  a  cer- 
tain strength  of  stimulus  is  attained,  a  further  increase  of  it  does 
not  cause  any  increment  in  the  contraction  of  the  muscle. 

Amount  of  Load. — If  a  muscle  is  attached  to  a  lever  without  any 
weight  in  the  scale-pan,  it  is  ascertained  that  light  weights  actually 
increase  the  height  of  the  contraction,  whilst  heavier  weights  dimin- 
ish it  until  a  limit  is  reached,  and  when  a  sufficient  weight  is  used 
the  muscle  no  longer  contracts. 

Husole-tonus. — This  is  a  condition  of  a  muscle  more  or  less 
stretched,  and  is  dependent  upon  the  reflex  activity  of  the  central 
nervous  system  and  a  sufficient  supply  of  blood  to  the  muscle.  If 
you  cut  a  motor  nerve  going  to  a  muscle,  the  muscle  loses  its  tonus. 
If  you  divide  all  the  posterior  spinal  roots,  then  the  muscles  also  lose 
their  tonus. 

Huscle-sound. — Helmholtz  said  that  36  vibrations  per  second 
formed  the  average  for  the  production  of  muscular  tones.  To-day 
this  is  considered  an  overtone,  and  the  requisite  number  of  necessary 
vibrations  is  placed  at  19  per  second. 

First  Heaht-sound. — It  is  probable  that  the  first  sound  of  the 
heart  is  partly  a  muscle-sound.  It  is  a  dull  sound,  persisting  when 
the  thorax  is  taken  away  and  the  auriculo-ventricular  valves  are  de- 
stroyed. The  sound  could  not  in  such  an  instance  be  produced  by 
the  vibration  of  the  valves. 

Voluntary  Contraction. — The  number  of  single  impulses  sent  to 
our  muscles  during  voluntary  movements  are  somewhat  variable. 
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all  uBual  conditions.  The  muBclea  attaelied  to  the  hones  are  in  a 
state  of  elastic  tension  which  is  favorable  to  the  action  of  the  muscle, 
diminishing  the  danger  of  rupturing  its  libers.  The  elasticity  of 
muscle  favors  the  economical  e.vpendittirc  of  work  by  tlic  muscle.  A 
muscle  is  always  taut,  never  in  a  state  of  relaxation,  and  it  is  then 
ready  to  efficiently  esert  mechanical  force  the  moment  it  begins  to 
contract  Heating  to  a  certain  extent  increases  and  cooling  decreases 
elasticity.  The  curve  of  muscle,  when  stretched  by  weights,  is  not 
a  hyperbola,  but  one  peculiar  to  muscle. 

Ip  litor 


Fig.  202.— Bxtenoibilitf  of  Muscle  in  Various  States.     (Waixkb.) 
TMted  br  GO  ■nmniM  applied  for  abort  periods. 

Hnunlar  Work. — While  treating  of  elasticity  and  its  modifica- 
tion, tonicity,  it  might  he  well  to  give  a  brief  discussion  upon  mus- 
cular work.  The  amount  of  mechanical  work  which  a  muscle  per- 
forms equals  the  product  of  the  weight  lifted  and  the  height  to  which 
the  weight  is  lifted.    Thus,  the  work  =:  height  X  the  weight. 

When  a  muscle  begins  to  contract,  it  is  then  that  it  lifts  the 
greatest  load;  as  the  contraction  continues,  the  muscle  is  capable  of 
lifting  less  and  less. 
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If  the  height  be  expressed  in  feet  and  the  weight  in  pounda,  then 
the  work  performed  is  measured  in  units  of  foot-pounds.  Likewise, 
should  the  height  be  measured  in  meters  and  the  weight  in  gram 
then  the  work  done  is  expressed  in  grammeters. 

In  studying  the  heights  of  contraction  in  a  loaded  muscle  it  is 
found  that  the  heights  of  lift  continuously  diminish,  but  the  actual 
work  done  by  the  muscle  increases  rapidly  and  then  more  slowly  until 
it  reaches  its  maximum  with  a  load  of  200  grams.  After  that  point 
the  work  done  slowly  decreases  and  then  more  rapidly  until  it  receives 
a  load  of  700  grams,  when  the  muscle  is  unable  to  contract 

Dynamometer. — The  common,  clinical  form  of  dynaraometeT  i? 
much  used  to  determine  the  absolute  force  of  certain  muscles.  The 
instrument  is  very  useful  to  determine  the  difference  in  grip  between 
'  the  two  hands  in  cases  of  paralysis.  The  patient  grasps  the  instru- 
ment in  his  hand  and  squeezes  upon  it ;  the  power  exerted  is  regis- 
tered in  kilograms. 

Hnsoles  are  Host  Perfect  Maclimes. — ^They  take  fhe  best  ad- 
vantage of  the  fuel  supplied  to  them  and  give  in  return  a  very  high 
percentage  of  energy  in  the  form  of  work.  They,  by  Intimate  exer- 
cise, increase  in  strength  and  power  so  that  they  progressivelf  per- 
form more  work. 

The  steam  engine,  to  which  muscles  are  frequently  compared,  is 
inferior  in  every  respect.  The  best-made  steam  engine  shows  as 
work  only  about  12  per  cent,  of  the  total  energy  supplied  to  it  by  the 
oxidation  of  the  coal,  while  about  88  per  cent,  is  transformed  into 
heat.  Muscle  transforms  25  per  eeiit.  of  its  energy  into  work  and  T.'> 
'per  cent,  into  heat  to  warm  itself. 

Tlie  proportion  of  work  to  heat  is  not  a  fixed  one.  If  you  gradu- 
ally increase  the  stimulus,  both  work  and  heat  increase ;  but  the  beat- 
production  is  increased  more  rapidly  and  reaches  its  maximum  sooner. 
Heat-production  decreases  more  rapidly  than  the  amount  of  work  pro- 
duced, when  the  muscle  is  exhausted.  When  the  muscle  is  loaded 
so  it  cannot  contract,  or  an  unweighted  muscle  is  made  to  contract, 
no  work  is  produced  and  all  the  energy  is  converted  into  heat. 

Fatigue. — Fatigue  is  due  to  a  chemical  and  physiological  altera- 
tion of  the  muscles.  It  is  characterized  by  a  pain,  more  or  less  acute. 
localized  in  the  muscles.  The  alterations  in  the  muscles  fatigued 
are  due  to  an  accumulation  of  toxic  products  of  the  metabolism  of 
the  muscle.  Sarcolactic  acid  is  one  of  these  fatigue-products,  and 
when  applied  to  a  muscle  it  causes  a  state  of  exhaustion.  Whatever 
the  fatigue-products  may  be,  a  muscle  exhausted  by  a  series  of  con- 
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trectioDB  is  saturated  with  the  so-called  fatigue-products  which  have 
poisonous  properties,  Tlie  chemical  theory  of  fatigue  is  proved  by 
preparing  a  watery  extract  of  muscles  exliausted  by  a  series  of  con- 
tractions, and  injecting  this  into  the  circulation  of  a  frog.  Here  it 
will  cause  the  muscles  to  show  fatigue  in  the  same  maimer  as  when 
spontaneously  caused.  This  fatigue  of  the  muscles  in  the  frog, 
caused  by  electric  tetanus,  can  be  removed  and  their  irritability  re- 
stored by  the  injection  of  solutions  of  sodium  carbonate  into  the  vein. 
This  alkaline   solution   washes   out   the   fatigue-products   from   the 


Fig.  203.— Homo's  Ergograph.     (Prom  Tigerstedt'a  "Human  Physiol- 
ogy," copyright,  IB06,  by  D.  Appleton  and  Company.) 

.muscle.  The  circulation  of  blood  normally  washes  away  the  toxic 
products  of  fatigue.  Atoeso  has  shown  that  the  blood  of  a  fatigued 
(log,  when  injected  into  the  vein  of  another  dog,  caused  all  the  symp- 
toms of  fatigue.  In  the  fatigued  muscles  of  the  frog  it  is  not  neces- 
sary to  have  the  blood  wash  away  the  products  of  fatigue,  for  it  has 
been  shown  that  the  oxygen  of  the  air  in  about  half  an  hour  can 
restore  tlieir  irritability.  If  the  muscle  fatigued  is  placed  in  an 
atmosphere  of  hydrogen,  no  restoration  of  the  muscle  ensues.  Oxida- 
tion is  the  restorative  agent  in  fatigued  muscles. 

The  Seat  of  the  Fatigue. — When  a  nerve  of  a  warm-blooded 
animal  is  curarized,  artificial  respiration  being  kept  up,  and  elec- 
tricity applied  to  the  nerve,  it  causes  no  muscular  response  until  the 
curare  is  excreted,  when  the  muscle  again  contracts,  showing  that  it 
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InYolontary  Muscle. — The  same  substances  are  found  in  plain 
muscle  as  in  striated  muscle,  except  that  plain  muscle  contains  six 


Fig.  205. — Ergographic  Curve  of  a  Case  of  Addison's  Disease,  Show- 
ing Rapid  Exhaustion  of  Muscle.      (Langlois.) 

Read  ftt>m  right. 

times  more  neucleoproteid  than  striped  muscle.    In  its  contraction  the 
latent  period  is  about  a  second,  and  the  contraction  lasts  several  sec- 


Fig.  206.— Fick's  Work  Adder.     (Laulani6.) 

The  wheel  (J)  bears  upon  Its  axle  a  counterpoised  muscle  lever  (c),  ending 
In  a  pawl  (m),  through  which  the  wheel  is  caused  to  revolve  when  the  lever  is 
pulled  upward  by  the  attached  muscle.  A  second  pawl  in)  prevents  the  wheel 
from  turning  back  when  the  muscle  relaxes.  On  the  other  side  the  axle  of  the 
wheel  bears  a  pulley  from  which  a  weight  (d)  is  suspended.  The  turning  of  the 
wheel  winds  the  suspending  cord  upon  the  pulley  and  raises  the  weight  ((f). 
The  muscle  preparation  should  be  the  double  adductor,  suggested  by  Pick. 

onds;    it  spreads  as  a  wave  from  fiber  to  fiber.     Its  irritability  is 
very   dependent   upon  temperature;    heat  decreases   its   tonus,   cold 
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voice  AND  SPEECH. 

It  has  long  been  established  that  the  sounds  of  the  voice  in  man 

and  mammalia  are  produced  by  the  vibratory  action  of  the  vocal  cords. 

It  18  usually  the  blast  of  expired  air — under  certain  circumstances  the 

iiwpiratory  blast  also — in  its  passage  through  the  glottis  that  causes 

the  tenae  vocal  cords  to  vibrate.     These  cords  vibrate  according  to 

iwt  which  regulate  the  vibration  of  stretched  membranous  cords. 

!;lieililt  of  these  vibrations  sound  is  produced  which,  in  man,  is 

of  being  so  modified  as  to  constitute  articulate  speech. 

tents  upon  living  animals  show  that  the  vocal  cords  alone 
essential  factors  in  the  production  of  sound.  For,  so  long 
remain  untouched,  although  all  other  parts  in  the  interior  of 
larynx  are  destroyed,  the  animal  is  still  able  to  emit  vocal  sounds. 
The  existence  of  an  opening  in  the  larynx  of  a  living  animal,  or 
of  man,  aboi'e  the  glottis  in  no  way  prevents  the  formation  of  vocal 
sounds;  however,  should  such  an  opening  occur  in  the  trachea,  it 
causes  total  loss  of  voice.  By  simply  closing  the  opening  sounds  can 
be  again  produced.  Such  openings  in  man  are  usually  met  with  as 
the  result  of  accident,  of  suicidal  attempts,  or  of  operations  performed 
upon  the  larynx  or  trachea  for  the  relief  of  disease. 

Produotion  and  Modifioation  of  Sounds. — Whenever  a  solid  body 
surrounded  by  air  is  thrown  into  vibration  the  sensation  of  sound  is 
carried  to  the  ear.  The  vibrations  must,  however,  be  of  certain 
strength  and  follow  one  another  with  certain  rapidity.  It  is  usually 
stated  that  if  the  vibrations  be  fewer  than  32  or  exceed  33,768  per 
second  no  effect  is  produced  upon  the  nerve  of  hearing. 

For  the  production  of  a  musical  sound  the  vibrations  must  suc- 
ceed each  other  at  regular  intervals;  if  the  vibrations  occur  at 
irregular  intervals,  only  a  noise  results. 

The  pitch  of  a  sound  depends  upon  the  number  of  vibrations 
within  a  given  period  of  time.  The  pitch  becomes  higher  in  direct 
proportion  to  the  rate  of  increase  in  the  rapidity  of  the  vibrations. 

The  strength,  or  intensity,  of  the  sound  depends  upon  the  extent 
of  the  vibratory  action  of  the  sonorous  body. 

Tone,  or  timbre,  is  that  peculiar  character  of  a  musical  note 
whereby  it  can  at  once  be  distinguished  from  another  note  of  exactly 
the  same  pitch  and.  strength. 

(563) 
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at  an  angle.  This  projection  is  popularly  known  as  Adam's  apple. 
Each  thyroid  lamina  terminates  posteriorly  in  two  horns:  one  su- 
perior, the  other  inferior. 

The  two  cartilages  which  are  alike  are  the  arytenoids.  Each 
one  is  in  the  form  of  a  triangular  pyramid,  whose  base  is  movably 
articulated  at  the  back  on  the  cricoid  cartilage.  The  apex  of  each 
arytenoid  cartilage  has  attached  to  it,  in  the  shape  of  a  movable 
point,  a  cartilage  of  Santorini. 

The  true  vocal  cords  are  attached  to  the  anterior  angles,  or 
vocal  processes,  of  the  arytenoids;  the  crioo-arytenoideus  muscles 
are  inserted  into  the  external  angles. 


Fig.  209. — ^Action  of  the  Muscles  of  the  Larynx.     (Beaunts.) 

The  dotted  line  Indicates  the  new  positions  assumed  by  the  thyroid  carti- 
lage in  the  action  of  the  crico-thyrold  muscle.  1,  Cricoid  cartilage.  2, 
Arytenoid  cartilage.  3,  Thyroid  cartilage..  4,  True  vocal  cord.  5,  N'ew  posi- 
tion of  the  thyroid  cartilage.    6,  New  position  of  vocal  cords. 

The  cartilages  of  Wrisberg  are  found  in  the  aryteno-epiglottic 
folds. 

Tlie  epiglottis  is  attached  to  the  inner  surface  of  the  anterior 
portion  of  the  thyroid  cartilage.  It  projects  upward  behind  the  base 
of  the  tongue.  The  epiglottis  is  attached  to  the  tongue  by  the  three 
glosso^epiglottic  folds. 

The  false  vocal  cords  are  two  folds  of  the  laryngeal  mucous  mem- 
brane which  pass  from  the  anterior  surfaces  of  the  arytenoids  to  the 
thyroid  cartilage.    They  are  located  above  the  true  vocal  cords. 

The  true  vocal  cords  extend  from  the  anterior  angles  of  the  bases 
of  the  arytenoids  to  the  thyroid  cartilage. 

The  glottis  is  the  chink  between  the  true  vocal  cords. 

The  ventricle  of  the  larynx  is  the  pouch  between  the  true  and 
false  vocal  cords. 
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The  Muscles. — All  of  the  laryngeal  cartilages,  joined  together 
by  ligaments^  are  moved  by  five  pairs  of  muscles.  The  muscles  of  the 
larynx  are  divided  into  two  groups:  intrinsic  and  extrinsic.  Toth 
former  group  belong  those  muscles  which  are  attached  to  the  Tarioos 
cartilages.  The  latter  collection  comprises  the  musculature  comiect- 
ing  the  larynx  to  other  parts  like  the  hyoid  bone. 

Intrinsics. — Of  these  there  are  five  pairs. 

1.  The  CricO'thyroid  Muscles. — These,  which  are  in  the  anterior 
part  of  the  larynx,  originate  in  the  front  and  sides  of  the  cricoid  car- 
tilage below.    Outwardly  they  are  attached  on  each  side  to  the  lower 


Fig.  210. — Schematic  Horizontal  Section  of  Lar3mx.     (Landois.) 

/,  Position  of  horizontally  divided  arytenoid  cartilages  during  respirition. 
From  their  anterior  processes  run  the  converging  vocal  cords.  The  arrovB 
show  the  line  of  traction  of  the  posterior  crico-arytcnoid  muscles.  //,  //• 
Position  of  the  arytenoid  muscles  as  a  result  of  this  action. 

edge  of  the  thyroid  cartilage.  They  become  fixed  by  the  action  of 
the  thyro-hyoid,  sterno-thyroid,  and  laryngo-pharyngeal  muscles. 

Action. — They  incline  the  cricoid  cartilage  upward  and  backward 
and  so  elongate  and  stretch  the  vocal  cords,  at  the  same  time  contract- 
ing the  opening  of  the  glottis. 

2.  The  Posterior  Crico-arytenoid  Muscles. — These  take  their  de- 
parture from  the  posterior  surface  of  the  shield  of  the  cricoid  cartilage. 
They  then  converge  and  are  fastened  to  the  base  of  the  corresponding 
arytenoid  cartilage. 

Action. — In  contracting  they  turn  the  anterior  ^kIs  of  the  aryte- 
noids outward,  whereby  they  separate  the  vocal  corda  from  each  otb' 
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and  give  a  rhomboid  form  to  the  glottis.     Thus  it  is  materially 
widened. 

3.  The  Lateral  Crico-arytenoids. — ^These  muscles  are  found  upon 
the  inner  side  of  the  cricoid.  They  are  carried  backward  and  upward 
and  are  fastened  to  the  outside  of  the  posterior  ends  of  the  bases  of 
the  arytenoid  cartilages. 

Action, — In  contracting  they  rotate  the  arytenoid  cartilage  in- 
ward. They  are  antagonists  of  the  posterior  crico-arytenoid  muscles; 
they  narrow  the  vocal  part  of  the  glottis. 

4.  The  Thyro-arytenoid  Muscles. — This  pair  of  muscles  is  inserted 
at  the  anterior  end  in  the  middle  of  the  angle  of  the  thyroid  cartilage^ 


Fig.  211. — Schematic  Closure  of  the  Glottis  by  the  Thyro-arytenoid 

Muscles.     (Landois.) 

//,  //,  Position  of  the  arytenoid  cartilages  during  quiet  respiration.  The 
arrows  Indicate  the  direction  of  muscular  traction.  /,  /,  Position  of  the 
arytenoid  cartilages  after  the  muscles  contract. 


and  at  the  posterior  end  it  is  fastened  to  the  inside  of  the  anterior  end 
of  the  base  of  the  arytenoid  cartilages.  Each  muscle  of  the  pair 
runs  its  entire  length  parallel  with  the  corresponding  vocal  cord. 

This  muscle  has  two  bundles:  an  internal  and  external  bundle. 
The  muscle  draws  the  arytenoids  toward  the  thyroid  and  relaxes  the 
cords.  By  the  internal  bundle  the  anterior  part  of  the  vocal  cord 
can  be  lightened  while  relaxing  the  posterior  part.  It  is  the  muscle 
concerned  in  the  production  of  the  high  notes  in  the  singing  voice. 

5.  The  arytenoid  constitutes  an  odd  muscle.  It  extends  pos- 
teriorly between  the  two  arytenoid  cartilages.  The  muscle  is  divided 
into  two  layers:  one  posterior,  of  oblique  fibers  disposed  like  an  X; 
and  one  anterior,  of  transverse  fibers.' 
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Its  action  is,  in  contracting,  to  draw  the  arytenoid  cartilagei 
together  so  that  the  respiratory  part  of  the  glottis  is  closed.  If  the 
contraction  be  simultaneous  with  that  of  the  lateral  crico-arvtenoid 
muscles,  respiration  is  entirely  interrupted. 

The  Extrinsic  Muscles  are  those  of  tlie  anterior  region  of  the 
neck ;  those  in  the  suprahyoid  as  well  as  those  in  the  subhyoid  region. 
By  the  action  of  these  muscles  the  entire  larynx  is  moved  upward 
and  downward. 

The  Cavity  of  the  larynx  is  lined  with  a  mucous  membrane. 
The  mucous  membrane  is  continuous  with  that  of  the  trachea.  It  is 
covered  with  the  prismatic  or  ciliated  epithelium  in  all  places  ex- 
cept over  the  vocal  cords  and  epiglottis.  In  these  special  areas  it  is 
stratified. 

The  Vocal  Cords  comprise  two  sets,  as  was  previously  men- 
tioned; the  upper,  false  cords,  composed  of  folds  of  mucous  mem- 
brane, take  no  part  in  voice  production ;  the  lower,  true  cords,  are 
composed  of  a  mucous  membrane  with  pavement  epithelium,  a  lamina 
of  elastic  fibers,  and  the  thyro-arytenoid  muscle. 

Opening  the  cavity  of  the  phar}r'nx  and  raising  the  epiglottis,  the 
whole  extent  of  the  glottis  is  seen ;  that  is,  the  slit  left  by  the  two 
superior  cords.  This  has  the  shape  of  a  much  elongated  triangle- 
apex  in  front,  base  at  the  back.  The  limited  anterior  part  of  the 
triangle  is  called  the  vocal  part  of  the  glottis;  whereas  the  posterior 
part  is  called  the  respiratory  portion.  It  does  not  participate  in 
phonation,  but  only  in  the  passage  of  air. 

Nerve-supply. — The  nerves  which  are  distributed  to  the  larynx 
come  from  the  pneumogastric.  The  superior  laryngeal  nerve  supplies 
the  mucous  membrane  of  the  larynx  and  gives  the  external  lanngcal 
branch  to  the  crico-thyroid  muscle.  The  inferior,  or  recurrent,  lann- 
gcal nerve  supplies  all  of  the  muscles  except  the  crico-thyroid.  The 
ganglia  which  preside  over  the  motor  innervation  of  the  larynx  are 
seated  in  the  floor  of  the  fourth  ventricle. 

Laryngoscopy. — The  laryngoscope  is  an  instrument  used  to 
bring  to  view  various  parts  of  the  pharynx,  larynx,  and  trachea.  It 
comprises  a  small  mirror  fastened  to  a  long  handle.  The  angle  that 
the  mirror  makes  with  its  handle  is  from  125  to  130  degrees. 

Condition  of  the  Vocal  Cords. — By  observations  made  with 
the  laryngoscope  it  has  been  determined  that,  while  in  respiration 
the  vocal  cords  are  inclined  from  each  other,  and  the  glottis  is  wide 
open,  in  speaking  or  vocalization  the  cords  are  seen  to  approximate 
and  vibrate.    In  ordinary  quiet  breathing  there  is  a  wide,  triangula^ 
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they  be  closed,  the  air  which  is  held  there  vibrates  with  the  air 
issuing  through  the  oral  cavity  and  gives  the  voice  a  nasal  tone. 

The  human  voice  can  assume  two  different  registers.  The  one 
is  strong  and  sonorous  and  accompanied  with  vibrations  of  the 
thoracic  wall  (chest-voice).  The  other  is  weak,  without  resonance, 
and  of  higher  pitch  (head-voice,  or  falsetto). 

Ventriloquy,  which  by  practice  can  reach  great  perfection,  con- 
sists only  in  the  possibility  of  changing  the  register  of  the  voice. 
The  name  derived  its  origin  from  the  erroneous  interpretation  of  it 
by  the  ancients.  They  claimed  that  the  ventriloquists  spoke  from 
the  stomach.  The  performer  is  able  to  conduct  dialogues  in  which 
two  persons  appear  to  take  part.  • 

Speeoh. — If  man  had  the  faculty  of  making  only  sounds  with 
the  larynx,  his  vocal  organ  would  not  differ  greatly  from  ordinary 
musical  instruments.  The  voice  in  such  a  case  would  but  serve  to 
make  others  aware  of  his  presence  and  to  call  them  for  the  various 
wants  of  life,  just  as  happens  in  animals  and  in  the  child  itself  when 
just  bom. 

But  man  is  endowed  with  an  important  means  by  which  he  can 
communicate  to  his  fellows  the  state  of  his  mind.  It  forms  one  of 
man^s  noblest  characteristics,  a  distinctive  one. 

The  infant  at  first  expresses  the  state  of  his  mind  by  cries 
accompanied  by  gestures.  Then  little  by  little  it  learns  and  tries  to 
imitate  those  sounds  which  the  parents  always  make  corresponding 
to  given  objects  and  persons.  It  pronounces  them  without  under- 
standing their  meaning.  In  later  years  it  learns  of  the  correspon- 
dence of  given  sounds  to  given  objects  and  ideas. 

Speech  is  articidate  voice.  It  is  an  ensemble  of  sounds  and 
noises  harmonized  by  the  will  and  co-ordinated  by  a  particular  cor- 
tico-motor  nervous  center.  Its  aim  is  to  make  known  to  the  listener 
the  present  state  of  mind  of  the  speaker  as  well  as  recollections  of 
the  past  and  tendencies  toward  the  future. 

Vowels  and  Consonants. — Speech  is  composed  of  two  ele- 
ments, namely:  vowels  and  consonants.  The  former  consist  of 
sounds  generated  in  the  larynx  and  slightly  modified  in  the  pharynx 
and  mouth-cavity.  The  consonants  result  from  noises  variously  pro- 
duced by  the  obstacles  encountered  by  the  air  in  its  passage  through 
the  pharynx  and  mouth-cavity.  Vowels  are  produced  in  the  larynx, 
pharjmx,  and  mouth ;  consonants  not  in  the  larynx,  but  in  the  mouth. 

The  vowels  are  produced  by  the  different  form  of  the  cavity  of 
the  pharynx  and  mouth  during  the  expiration  of  air  through  them. 
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The  principal  change  in  form  consists  in  the  lengthening  and  short- 
ening of  the  mouth.     The  vowels  are  a,  e,  i,  o,  and  u. 

The  consonants  consist  of  sounds  emitted  by  the  larynx,  but 
which  become  noises  by  reason  of  obstacles  they  encounter.  Accord- 
ing to  the  obstructions  met  with,  consonants  are  termed  guttmk 
{h,  ky  q)y  Unguals  (c,  d,  g,  t,  s,  n,  l,  r),  and  labials  (6,  f,  m,  /?,  r).  The 
Unguals  are  subdivided  into  palatals  and  dentals. 

The  very  varied  union  of  the  vowels  with  the  consonants  con- 
stitutes syllables;  union  of  the  latter  forms  words. 

Stammering  is  due  to  a  continued  spasmodic  contraction  of  the 
diaphragm  and  to  the  muscles  of  the  larynx  not  harmonizing  the 
chink  of  the  glottis. 

Stuttering  is  due  to  a  want  of  ability  to  form  the  proper  sounds 
by  the  laryngeal  muscles;  the  breathing  and  diaphragm  are  both 
normal. 

Pathology. — Paralysis  of  the  motor  nerves  of  the  larynx  from 
the  pressure  of  tumors,  causes  aphonia,  or  loss  of  voice.  In  aneur- 
ism of  the  aortic  arch  the  left  recurrent  nerve  may  be  paralyzed  from 
pressure.  The  laryngeal  nerves  may  be  temporarily  paralyzed  by 
overexertion  and  hysteria. 

If  one  vocal  cord  be  paralyzed,  the  voice  is  not  pure  in  tone,  but 
falsettolike. 

Hoarseness  may  be  caused  by  mucus  upon  the  vocal  cords  or  by 
roughness  or  laxness  of  the  cords.  Disease  of  the  pharynx  or  naso- 
pharynx and  uvula  may,  in  a  reflex  manner,  produce  a  change  in  the 
voice. 

APHASIA. 

Aphasia  means  a  loss  of  power  to  produce  or  understand  gpoken 
or  written  speech. 

Aphasia  is  a  disorder  of  the  speech,  due  to  a  lesion  of  the  third 
h»ft  frontal  convolution.  There  are  four  different  kinds  of  word- 
nieniory,  each  having  its  seat  of  registration  in  a  well-defined  part 
of  the  cortex.  The  first  is  the  (1)  auditory  word-center,  where  the 
sound  of  words  is  registered;  (2)  a  visual  word-center,  where  the 
visual  images  of  letters  and  words  are  registered;  (3)  a  glosso-kinaes- 
thetic  center,  where  the  combined  impressions  which  pass  to  the 
brain  as  a  result  of  the  movements  of  the  lips,  tongue,  palate,  larynx, 
and  other  parts  concerned  in  articulate  speech,  are  registered;  (^) 
a  cheiro-kina?stlietic  center,  where  sensory  impressions  resulting  from 
the  movements  made  in  writing  are  stored  up.    Prom  the  glosso- 
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kinesthetic  and  cheiro-kinsesthetic  center,  fibers  descend  as  part  of 
the  pyramidal  motor  tract,  those  from  the  glosso-kinsesthetic  center 
going  to  the  motor-speech  apparatus  in  the  medulla,  and  those  from 
the  cheiro-kinsesthetic  center  going  to  the  spinal-motor  ganglia  con- 
cerned in  the  act  of  writing.    As  is  known,  the  auditory  word-center 
is  in  the  Srst  temporal  convolution,  the  visual  word-center  in  the 
gyrus  angularis  and  a  part  of  the  supramarginal  gyrus,  the  speech- 
center  in  the  third  left  frontal  convolution,  and  the  writing  center 
J^  the  posterior  part  of  the  second  frontal  convolution. 

The  auditory  word-center  is  the  first  called  into  activity;  then 
the  speech-center  is  gradually  organized  under  the  influence  of 
excitations  coming  from  the  auditory  word-center.  After  a  year  or 
^Wo  the  child's  visual  word-center  becomes  organized,  and  the  child 
^©cognizes  letters  and  words,  and  at  the  same  time  two  sets  of  asso- 
<*iat ion-channels,  commissural  fibers,  are  laid  down  between  the  audi- 
tory word-center  and  this  visual  word-center.  Finally,  the  child 
feads;  then  there  must  be  activity  first  in  the  visual  word-center, 
then  in  the  auditory  word-center,  and  immediately  afterwards  in  the 
glosso-kinaesthetic  center.  Then,  as  the  child  leams  to  write,  the 
eheiro-kina?sthetic  center  becomes  organized,  the  guiding  influence 
of  the  visual  center  being  called  into  play,  and  this  would  lead  to  a 
development  of  commissural  channels  between  the  two  centers.  The 
visual  center  holds  the  same  sort  of  relation  to  the  act  of  writing 
that  the  auditory  word-center  holds  to  articulate  speech.  In  writing 
from  dictation,  the  train  of  activity  starts  in  the  hearing  word-cen- 
ter, spreads  to  the  visual  word-center,  thence  to  the  cheiro-kinses- 
thetic  center,  where  the  efferent  stimuli  pass  over  to  the  spinal  motor 
centers     (Bastian,  Allbutfs  System  of  Medicine,  vol.  VIII). 

The  chief  varieties  of  aphasia  are: — 

■tr  X         V     •        f  aphemia. 
Motor  aphasia     <  ,  . 

^  1  agraphia. 

^  ,     .     f  visual. 

Sensory  aphasia  <       ,., 

•^    ^  I  auditory. 

Conduction  aphasia. 

Auditory  Aphasia. — Supposing  the  patient's  hearing  is  perfect, 
then  auditory  aphasia  is  revealed  by  his  inability  to  put  out  his 
tongue. 

Visnal  Aphasia  (Alexia). — Supposing  the  patient  can  see  per- 
fectly, can  the  patient  understand  written  or  printed  words?  If  he 
fails  to  do  so,  he  has  alexia. 
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pieces  of  earbon  and  dioxide  of  manganese.  Its  electromotiTe  force 
ia  l.Ti  volts.  I'he  dry  cell  is  usually  made  of  a  zinc  cup  lined  dtli 
plaster  of  Paris,  saturated  with  amomnium  chloride.  A  carbon  plite 
is  placed  in  the  center  of  this  and  surrounded  with  black  oxide  of 
manganese. 

Polarization  of  Plates. — The  voltaic  battery  consists  of  Un 
metals,  zinc  and  copper,  which  are  surrounded  by  an  electrol}-ta  con- 
taining various  ions.  The  positive  ions,  Cu  and  H,  will  work  their 
way  towards  the  positive  element,  the  copper  plate,  and  the  OH  and 
SO,,  being  nojiative  ions,  will  go  towards  the  zinc.  The  tivdrogen 
gas  settles  in  minute  bubbles  upon  the  surface  of  the  copper  plate  and 


Fig.  214.— Daniell  Cell. 

at  once  interferes  with  the  action  of  the  battery.  It  interferes  botii 
by  the  resistance  it  offers  to  the  passage  of  the  current,  and  alsobj 
setting  up  a  current  in  an  opposite  direction,  which  tends  to  weaken 
the  original  current  by  neutralization.  This  action  ia  called  polsri- 
zation  of  the  plates.  Besides  this,  in  such  an  element  some  of  the 
sulphate  of  zinc  produced  in  the  element  is  attacked  by  the  hydrog«i 
and  deposited  on  the  copper  plate,  so  that  the  copper  plate  begins  to 
approach  the  condition  of  the  zinc  plate,  and,  of  coarse,  the  difference 
of  potential  or  electromotive  force  is  reduced.  In  all  these  ways  the 
current  is  diminished  and  (he  cell  is  not  of  constant  strength. 

Polarization  in  the  Daniell  cell  is  overcome  by  the  solution  of 
copper  snlphatc,  and  in  the  Leclanch^  cell  by  the  manganese  dioiidf- 

Resistances. — There  are  two  kinds  of  resistance  to  electric  enr- 
rcnls;    Internal  resistance  or  the  resistance  of  the  element,  or  the 
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resistance  the  current  experiences  in  passing  through  the  liquid  of  the 
cell  from  one  plate  to  another;  and  external  resistance,  or  the  resist- 
ance the  current  meets  with  in  passing  through  the  electrodes  and 
apparatus.  Internal  resistance  is  inversely  proportional  to  the  size 
of  the  cell,  and  directly  proportional  to  their  distance  from  one 
another;  that  is,  the  larger  the  plate  the  less  the  resistance,  and  the 
greater  the  distance  the  greater  the  resistance,  the  conducting  power 
of  the  liquid  being  always  the  same.  External  resistance  depends 
on  the  conductivity  of  the  conductor,  which  is  a  constant  quantity  for 
each  conductor.  External  resistance  is  directly  proportional  to  the 
length  of  the  conductor  and  inversely  proportional  to  the  cross-sec- 
tion ;  tliat  is,  the  longer  the  conductor  the  greater  the  resistance,  and 
tlie  thicker  the  (wire)  conductor  the  less  the  resistance.  The  thinner 
the  wire  the  greater  is  the  resistance. 

Batteries  may  be  united  together  as  positive  pole  to  negative 
pole.  Here  the  voltage  is  equal  to  the  voltage  of  a  single  cell  multi- 
plied by  the  number  of  cells.  This  method  of  coupling  is  used  in  the 
medical  battery  for  the  application  of  the  galvanic  or  constant  cur- 
rent to  man.  Another  method  is  to  couple  abreast  or  "in  multiple 
arc.''  Here  the  positive  poles  are  on  one  wire  and  the  negative  on 
another  wire.  Here  we  have,  as  a  matter  of  fact,  a  single  cell  with 
plates  as  many  times  larger  as  we  have  taken  cells.  The  electromotive 
force  is  not  altered,  since  the  electromotive  force  of  a  cell  varies  with 
its  chemical  constituents  and  not  with  the  size  of  the  cell.  Now,  the 
internal  resistance  of  a  cell  is  inversely  proportional  to  the  size  of  the 
plates,  so  that  by  multiplying  the  size  of  the  plates  by  the  number  of 
cells,  say  six,  then  the  internal  resistance  is  practically  diminished 
one-sixth.    Increased  quantity  of  current  is,  therefore,  obtained. 

The  human  body  opposes  to  the  electric  current  so  great  an 
external  resistance  that  the  internal  resistance  of  the  battery  can  be 
overlooked;  hence  surface  extent  of  the  zincs  can  be  neglected.  The 
intensity  of  the  current  is  determined  by  the  number  of  the  elements 
and  not  by  their  size,  hence  you  couple  in  series.  When,  however, 
you  employ  electricity  to  heat  the  galvano-cautery  wire,  which  is 
short  and  of  feeble  external  resistance,  you  augment  the  intensity  of 
the  current  by  increasing  the  surface  (size)  of  the  zincs.  It  is  true 
you  do  not  augment  the  electromotive  force;  but  as  the  resistances 
diminish  in  proportion  to  the  increase  of  size  of  the  zinc,  the  inten- 
sity of  the  current  increases  in  proportion  to  the  increase  of  size  of  the 
zincs.    You  can  have  an  apparatus  to  heat  the  cautery  wire  by  coup- 
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ling  cells  abreast  or  in  multiple  arc,  which  amounts  to  the  same  thing 
as  having  a  cell  with  large-sized  zincs. 

To  summarize :  to  obtain  increased  intensity  of  current  with 
small  external  resistance,  as  in  a  cautery  wire,  either  use  large  cdli 
or  couple  a  number  of  cells  abreast  or  in  multiple  arc ;  with  greit 
external  resistance,  as  in  the  application  of  the  galvanic  current  to  the 
human  body  or  the  nerves  of  an  animal,  you  couple  the  cells  in  series, 
small  elements  being  as  good  as  large.  One  centimeter  of  nerve  oflfere 
a  resistance  of  about  80,000  ohms  and  nonpolarizable  electrodes  haie 
a  resistance  equal  to  700  ohms  each. 

Ohm's  Law. — G.  S.  Ohm,  in  1827,  formulated  a  law:— 

Current  strength  (amperes)  C.  = 

E.  M.  F.  =  Electromotive  force  (volts). 

R       =  Resistance   (ohms). 

But,  there  are  two  resistances,  so  let  B  stand  for  internal  resist- 
ance and  r  for  external  resistance ;  the  law  will  be 

E.  M.  P. 
C  = 


R  +  r 

The  ohm,  the  ampere,  and  the  volt  are  closely  related,  and  if 
any  two  of  them  are  known  with  reference  to  any  particular  electric 
current,  the  value  of  the  third  may  be  readily  inferred. 

Currents  are  measured  in  amperes,  resistances  in  ohms. 

Electromotive  force  is  the  force  which  tends  to  move  electricity 
from  a  higher  to  a  lower  potential.  The  unit  of  electromotive  force 
is  the  volt,  and,  therefore,  is  the  measure  of  electrical  pressure. 

Electromotive  force  is  "difference  in  potential.'*  A  volt  is  that 
amount  of  electrical  energy  which  will  produce  one  ampere  of  current 
after  overcoming  one  ohm  of  resistance. 

Then  :— 

Volts  =   amperes  X  ohms. 
Amperes  =  volts  -^  ohms. 
Ohms  =  volts  -^  amperes. 

The  small  Daniell  cell  has  4  ohms  resistance  and  a  current  of 
V4  ampere. 

"The  difference  of  potential  may  be  compared  to  the  difference 
of  water-level  between  a  reservoir  and  its  distributing  pipes.  It  pro- 
duces an  electromotive  force  comparable  to  the  force  which  moves 
the  water  from  a  higher  to  a  lower  level.  The  unit  of  electrical  pres- 
sure is  the  volt.     The  flow  through  a  hydraulic  system  is  measured 
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by  the  quantity  of  water  passing  any  point  in  a  given  time;  similarly, 
the  quantity  of  electricity  is  the  amount  that  flows  through  a  cross- 
eection  of  the  conductor  in  a  given  time.  ■  The  unit  of  quantity  ie 
the  ampere."  Roughly  speaking,  your  bladder  filled  with  urine  may 
be  a  volt,  the  ohm  may  be  a  stricture,  and  an  ampere  the  passing 
stream  of  urine  or  the  unit  of  measure  of  the  amount  of  urine  pass- 
ing through  an  object  in  a  second  of  time. 

Sleotrodo. — To  carry  the  current  from  the  different  metals  or 
carbons  we  have  wires  covered  with  cotton,  or  silk,  or  gutta-percha, 
which  are  attached  to  the  metals  or  carbon;  they  are  then  called 
electrodes. 

Folarization  of  Electrodet. — In  electrolysis  of  the  lymph  by  the 
current  In  a  tissue  there  are  produced  positive  and  negative  ions  in 
the  lymph,  which  act  on  the  electrodes.     If  a  pair  of  clean  platinum- 


Fig.  215. — DuBoit  KonpoUrizable  Electrodes.     (Lahousse.) 

wire  electrodes  have  been  immersed  in  water  and  have  been  convey- 
ing a  current  for  decomposition,  the  positive  pole  will,  after  some 
time,  become  covered  with  bubbles  of  oxygen,  while  the  negative  will 
have  collected  on  it  hydrogen  gas.  If  now  these  electrodes  be  sud- 
denly disconnected  with  the  battery  and  connected  with  a  galvano- 
meter, the  needle  of  the  galvanometer  will  deviate  in  such  a  way  as 
to  show  a  current  in  an  opposite  direction  to  the  original  battery 
current.  This  is  caused  by  the  coating  of  the  negative  pole  with 
hydrogen,  making  it  positive,  and  a  current  runs  from  the  electrode 
covered  with  hydrogen  to  the  electrode  covered  with  oxygen;  that 
is,  it  runs  in  an  opposite  direction  to  the  original  current  when  the 
battery  was  attached  to  the  electrodes.  This  current  will  naturally 
weaken  the  original  battery  current.  This  occurrence  is  called 
polarization  of  electrodes.  In  the  same  way,  if  a  fresh  muscle  or 
nerve  be  laid  across  two  copper  wires  carrying  a  battery  current,  and 
these  t>e  connected  with  a  galvanometer  (previously  disconnecting  the 
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emptied,  rinsed  in  tap  water,  cleaned,  and  placed  in  several  hundred 
cubic  centimeters  of  normal  saline  until  wanted.  It  the  boot  is  kept 
saturated  with  normal  saline,  the  electrodes  will  remain  non-polar- 
izable. 

Detector,  or  GalvanoBcope,  or  Cnrrent  Indicator. — Use  a  vertical 
galvanoacopc,  in  which  the  magnetic  needle  is  so  loaded  as  to  rest 
in  a  vertical  position.  It  consists  of  a  magnetized  needle,  sur- 
mounted by  a  coil  of  wire.  It  indicates  the  passage  and  direction 
of  a  current.  It  really  is  a  little  galvanometer.  Now,  connect  the 
wires  from  the  positive  (+)  and  negative  ( — )  poles  of  a  battery  with 
the  binding  screws,  and  note,  when  the  circuit  is  closed,  the  needle 
deviates  from  its  vertical  position. 


Fig.  217.— ruhl's  Commutator.      (LaiiouhSK.) 

Keys. — When  wc  wish  to  make  or  break  a  current  by  hand  we 
use  keys.  DuBois  key  consists  of  two  metal  blocks,  each  carrying 
two  binding-screws  fitted  on  a  base  of  hard  rubber,  which  acts  as  an 
insulator.  These  two  blocks  of  metal  are  connected  by  a  metal 
cross-bar  which  thus  closes  the  key.  It  is  employed  in  two  ways. 
In  one,  it  breaks  the  current  going  from  the  cell  to  the  nerve ;  when 
the  key  is  closed  the  current  is  made,  when  the  key  is  open  the  cur- 
rent is  broken.  In  the  other  way,  the  current  from  the  cell  passes 
through  the  key  when  it  is  clnsed  and  then  it  is  a  short-circuiting 
key,  because  the  current  going  through  the  electrodes  from  the  short- 
circuiting  key  to  the  nerve  meets  here  a  body  (the  nerve)  which 
opposes  a  great  resistance  to  the  passage  of  the  electrical  current, 
and,  as  electricity  always  takes  the  easiest  way  home,  it  goes  through 
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the  conductor  offering  the  smaller  resistance,  the  brass  key.  If  th 
key  is  open,  then  the  whole  current  passes  to  the  nenre.  Tku 
method  of  using  the  key  is  known  as  "short-circuiting/^  In  xm^ 
the  key  to  apply  an  induction  or  Faradic  current  to  excite  a  nene  or 
muscle,  always  use  this  method;  that  is,  place  a  short-circuitiDg 
key  in  the  secondary  circuit  to  prevent  unipolar  action. 

Mercury  Key. — Where  a  fluid  contact  is  required  the  wires  dip 
into  the  mercury.  It  is  used  in  the  same  way  as  the  DuBois  key, 
for  make-and-break  shocks. 

Commutators. — Pohl's  commutator  is  used  for  sending  (1)  a  cur- 
rent into  two  different  pairs  of  wires;  (2)  for  reversing  the  direc- 
tion of  the  current  in  a  pair  of  wires;  (3)  it  can  also  be  used  as i 
mercury  key.  It  consist  of  a  round  block  of  wood  with  six  cups, 
each  containing  a  binding-screw.  Between  two  of  these  stretches  is  a 
bridge  insulated  in  the  middle.  The  battery  is  attached  to  the  lead- 
ing-in  wires,  and,  as  the  bridge  is  rocked  from  one  side  to  the  other, 
the  current  is  sent  through  one  or  the  other  pair  of  wires.  To 
reverse  the  direction  of  a  current,  only  one  pair  of  leading-out  viriN 
besides  the  cell  wires,  is  attached  to  the  binding-screws  of  the  mer- 
cury cups.  Then  the  cross  bars  are  inserted,  which  change  the  direc- 
tion of  the  current  on  rocking  the  Iwridge. 

Induction  or  Faradic  Currents. 

DuBois-Beymond's  Induction  Apparatus. — ^It  consists  of  a  pn* 
mary  spiral  of  about  130  coils  of  a  moderately  thick  silk-covered 
copper  wire,  and  of  a  secondary  spiral  of  some  6000  coils  of  silk- 
covered  copper  wire  of  a  thickness  of  about  a  tenth  of  a  millimeter. 
The  core  inside  the  primary  spiral  is  formed  by  a  bundle  of  thin 
iron  wires,  each  carefully  coated  with  shellac  varnish.     To  graduate 
the  strength  of  the  induced  current  of  the  secondary  spiral,  the  sec- 
ondary spiral  is  moved  in  a  groove  of  wood  from  or  towards  the  pri- 
mary spiral,  and  the  distance  between  the  spirals  is  graduated  in 
centimeters  and  millimeters,  or  the  secondary  spiral  is  rotated  as  by 
Bowditch.     To  make  or   close,   or   to   break   or   open    the  circuit 
coming   from   the   cell   through    the   primary   spiral,    the   electro- 
magnetic  hammer   of    Neef    is   used   to    give    us    repeated   shocks, 
or    the    interrupted    current.      When    single    induction    shocks  are 
used,    the    wires    from    the    battery    are    connected    with    a   key 
and  this,  again,  with  the  two  terminals  of  the  primary  spiral.    The 
action  of  the  coil  of  wires  depends  upon  the  fact  that  the  strength 
of  a  current  running  along  a  wire  will  be  altered  and  an  induced 
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connected.  This  forms  part  of  the  experimental  circuit  through 
wliich  a  portion  of  the  battery  current  is  to  be  conducted.  This  cur- 
rent is  completed  through  a  wire  attached  to  a  rider  which  elides 
along  the  rheoeord  wire.  The  other  portion  of  the  current  goes 
through  unpolarizable  electrodes  to  a  nerve  lying  across  them.  The 
amount  of  current  passing  through  the  nerve  varies  directly  with  the 
resistance  of  the  deriving  circuit,  the  rheoeord.  By  increasing  this 
resistance  more  current  is  sent  through  the  nerve,  and  on  diminish- 
ing, less. 


Fig.    220. — Schema    of    Apparatus    to    Studj    Influence    of    Rapid 
Vuriations  of  the  Constant  Current  by  the  Rheonome  of  von  FIciitchl. 

(LAHOL'SSE.) 
p.   Danlell  rcUs.     £,   Kej. 


Suppose,  for  example,  that  the  resistance  of  the  electrode  and 
nerve  is  100,000  ohms  and  the  resistance  of  the  rheoeord  5  ohms, 

100,000  fi 

then"  of  the  current  passes  through  the  rheoeord  and~  ~  " 

through  the  nerve. 

Eheonome  of  Von  Flei«chl. — The  rheonome  of  Von  FeischI  con- 
sists of  an  ebonite  plate  with  a  circular  groove  on  its  upper  surface. 
This  groove  is  connected  at  diametrically  opposite  points  to  the  bind- 
ing-screws. In  the  center  of  the  ebonite  plate  is  a  vertical  rod  whose 
upper  extremity  articulates  with  a  piece  of  ebonite,  which  is  mov- 
able and  has  on  its  two  surfaces  two  plates  of  zinc,  which  are  curved 
in  an  arehlike  form.     Their  upper  extremities  are  united  to  the  bind- 
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nd  their  lower  extremitieB  dip  into  the  groove  filled  with 
ilation  of  sulphate  of  zinc.  The  arched  plates  are  called 
Three  Daniel!  cells  are  connected  to  the  binding-screwfl, 
irposition  of  a  key.  The  binding-screws  are  united  to 
on  which  lie  the  nerve-muscle  preparation.  When  the 
the  muscle  contracts  and  in  the  interval  relaxes,  except 
I  a  rotation  of  the  bridge. 

ddenly  rotate  the  handle  with  its  two  zinc  arms.  This 
to  a  sudden  variation  of  the  intensity  of  the  current, 
of  course,  continuing  to  pass  all  the  time.  The  muscle 
tracts.    The  response  of  a  muscle  or  nerve  to  electrical 


222. — The  Nervcmumrle  I'reparution.      (Stirling.) 
n.   ibe  ncrTe-m uncle.     F,   Lowrr  tbird  i>r  remur.     I,  Tendon  ol 

stimulation  is  due  not  to  the  simple  flow  or  intensity  ol  a  current 
through  the  tissues,  but  rather  to  the  more  or  less  sudden  change  in 
the  strength  of  the  current.  Sudden  increase  or  decrease  may  act 
as  an  efficient  stinmlus,  but  the  gradual  increase  or  decrease  of  the 
current  causes  no  response  (Du  Bois'a  law.) 

Differential  Hheotome. — The  rheotome  of  Bernstein  is  an  instru- 
ment by  which  a  series  of  stimuli  can  bo  led  into  a  nerve  or  muscle, 
and  the  consequent  excitatory  effects  led  off  to  a  galvanometer  dur- 
ing definite  periods  at  regular  intervals  after  stimulation. 

ELECTRO-PtlYSIOLOaV. 

Animals  and  plants  have,  as  a  general  phenomenon,  electricity, 
the  potential  energy  of  living  matter.  In  the  animal  the  nerves, 
muscles,  and  glands  are  the  special  seats  of  the  electrical  properties. 
A  muscle  has  three  forms  of  energy — work,  heat,  and  electro-motor 
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activity.  To  etndy  animal  electricity,  it  is  necessary  to  use  the 
instnimcnta  employed  in  the  physical  laboratory,  but  they  have  to  In: 
made  very  sensitive,  since  the  electric  potential  is  feeble  in  animals. 
There  are  usually  employed  three  methods  of  revealing  animal  elec- 
tricity: (1)  the  physiological  rheoscope;  (2)  the  galvanometer;  (3) 
the  capillary  electrometer. 

PhyiioIi^CBl  KheoKOpe. — This  name  has  been  given  to  the 
nerve-muscle  preparation  of  the  frog  where  the  greatest  possible 
length  of  the  sciatic  nerve  attached 
may  be  used.  The  preparation  of 
tlie  nerve  rc<iuires  spwial  care,  for 
the  nerve  must  be  removed  by  a 
iittle  soekcr  of  glass  or  bone.  \o 
inctal  must  touch  it-  Jt  is  removed 
Jroiii  lielow  upward,  and  if  jimperly 
done  there  should  he  no  contraction 
of  the  muscle  during  the  ojKration. 
If  the  nerve  of  this  preparation  be 
broufilit  into  contact  with  a  segment 
of  sejiaratcd  muscle  so  ns  to  toiicli 
simultaneously  the  longitudinal  and 
transverse  surfaces,  a  contraction 
instantly  follows. 

Oftlvanoffleter. — The  instni- 
nient  usually  emplnyed   is  Thomp- 
son's   astatic,    high- resistance,    re- 
flecting galvanometer.     In  this  in- 
strument a  pair  of  suspended  mag- 
nets nearly  astatic  are  surrounded 
by  many  windings  of  fine,  insulated 
wire  with  a  resistance  e(|ual  to  1(),- 
Fif;.  i2a.— Tlioiiipson  Cnlvanomcter.    000  to  20,000  ohms,  which  explains 
the  name  of  high-resi^lancc  galvano- 
riicler.     Because   it   has  on   the  upper  magnet  a  slightly  eoncavu 
mirror  by  which  a  ray  of  light  can  be  reflected  on  a  scale,  it  is  also 
called  reflecting.     By  placing  tho  point  of  the  unpolarizahle  elec- 
trode on  the  center  of  the  longitudinal  surface  of  the  muscle,  and 
the  other  electrode  over  the  center  of  the  freshly  divided  transverse 
surface  of  the  muscle,  and  connecting  the  electrodes  with  the  gal- 
vanometer, with  a  shunt  interposed  between  the  electrodes  and  the 
galvanometer,  it  will  be  seen  that  the  needle  of  tho  galvanometer 
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deviates.  By  noting  the  deflection  of  the  needle,  it  is  found  that  the 
longitudinal  surface  of  the  muscle  is  2)ositive  and  the  transverse 
section  is  negative.  The  deflection  of  the  needle  is  caused  by  the 
current  of  injury  by  the  transverse  section  of  the  muscle.  It  is 
called  the  demarcation  current,  because  the  difference  of  potential 
appears  at  the  demarcation  between  the  dying  and  the  injured  mus- 
cle. The  injured  part  of  the  muscle  is  negative  to  the  uninjured 
part  and  the  current  in  the  galvanometer  is  from  the  longitudinal 
(positive)  surface  to  the  uninjured  negative  transverse  surface. 

Capillary  Electrometer. — This  instrument  is  an  electrical  mano- 
meter and  shows  electrical  pressure.     It  consists  mainly  of  a  glass 


Fig.  224. — Diaf^am  of  Capillary  Electrometer.     (Staruno.) 

//y..    Mercury.     The   two  terminals  are  represented  as  leading  off  two  points 

at  the  base  and  apex  of  a  frog's  heart,  a  b. 

tube  ending  in  a  fine  point,  which  is  partly  filled  with  clean  mercury 
and  then  placed  in  communication  with  a  pressure  apparatus.  The 
capillary  end  of  the  glass  tube  dips  into  a  tube  containing  mercury 
and  a  20-per-cent.  solution  of  sulphuric  acid.  Into  the  tube  with 
sulphuric  acid  is  fused  a  platinum  wire  which  forms  one  connection 
with  the  lower  column  of  mercury.  Another  platinum  wire  is  con- 
nected with  the  capillary  tube.  Anything  which  alters  the  surface 
tension  will  cause  the  mercury  to  move.  If  now  two  unpolarizable 
electrodes  are  connected  with  a  capillary  electrometer  with  a  short- 
circuiting  key,  and  the  center  of  a  muscle  is  laid  on  one  of  the  non- 
polarizablo  electrodes  and  the  divided  transverse  end  on  another  non- 
polarizable  electrode,  then  when  the  mercury  meniscus  is  watched 
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with  a  low-power  microscope  the  mercury  will  move  in  a  direction 
showing  a  higher  potential  at  the  positive  electrode  on  the  longi- 
tudinal surface. 

Instead  of  a  transverse  section  of  a  muscle  its  tendon  may  be 
taken,  which  is  also  negative  and  has  been  called  the  natural  trans- 


Fig.  225.— Direction  of  Current  of  Daniell  GdL 

Through  the  galvanometer  the  current  is  from  copper  to  iliie.    Tfciwui  tin  «n 

the  current  Is  from  sine  to  copper. 

verse  surface.  The  cut  surface  of  a  longitudinal  section  ofittuscle 
presents  positive  electrization.  The  laws  of  electrical  conttats  of 
muscle  have  been  fully  determined  by  DuBois-Reymond:—  i» 

1.  When  the  conductor  unites  the  longitudinal. to  the  twifflverse 
surface  there  is  a  well-marked  deviation  of  the  needle,  and  tlMi  great- 


>• 


Fig.  226. — Direction  of  Current  of  Injured  Muscle.     (Waixeb.) 

Through  the  galvanometer  the  current  Is  from  normal  to  injured  part,  or 
from  resting  to  octlve  part.  Through  the  muscle  the  current  is  from  injured  to 
normal  part  or  from  active  to  resting  part. 

est  deviation  occurs  when  the  middle  of  the  longitudinal  surface  is 
connected  with  the  middle  of  the  transverse. 

2.  When  two  points  are  connected  on  a  longitudinal  or  trans- 
verse surface  which  are  unequally  distant  from  the  middle,  or  two 
points  unequally  distant  on  opposed  surfaces,  then  there  is  a  slight 
deflection  of  the  needle.     In  the  ease  of  the  longitudinal  surfaces  the 
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Siphatio  Variation. — The  base  and  apex  of  the  heart  are  con- 
nected by  nnpolarizable  electrodes  to  the  capillary  electrometer. 
When  the  heart  contracts,  there  will  be  a  diphasic  variation.  The 
contracted  portion  at  first  becomes  negative,  and  then  positive,  to 
the  part  not  contracted.  The  first  phase,  base  is  negative  to  the  apex; 
second  phase,  apex  negative  to  the  base.  The  diphasic  variation  fol- 
lows from  the  fact  that  action  does  not  take  place  at  the  same  time 
throughout  the  whole  heart,  but  takes  time  in  its  transmission  from 
a  point  of  stimulation. 

Nerves. 

The  nerve  presents  differences  in  electric  potential  similar  to 
that  of  the  muscle,  except  it  is  much  weaker.    Every  part  of  its  cut 


Fig.  229. — ^Arrangpment  of  Parts  to  Show  Secondary  Contraction 
in  Muficlo.  (After  Rosenthal.)  (From  Mill8*8  *' Animal  Physiology," 
copyright,  1889,  by  D.  Appleton  and  Company.) 

transverse   surface   is   negative,   whilst  its  longitudinal   surface  is 
electro-positive.    You  have  muscle-currents;  also  nerve-currents. 

ITegative  Variation  of  the  Nenre-cnrrent  or  Action-current. — 
If  you  place  upon  the  electrodes  connected  with  the  galvanometer 
a  piece  of  nerve,  the  deviation  of  the  needle  shows  the  existence  of 
the  nerve-current  already  described  so  long  as  the  nerve  is  at  rest. 
Jf  you  tetanize  the  nerve  the  needle  is  seen  to  run  back  toward 
zero,  and  sometimes  even  beyond  it.  This  takes  place  in  every  kind 
of  nerve  and  in  the  whole  length  of  the  nerve.  It  can  be  produced 
by  mechanical  or  chemical  stimuli  as  readily  as  with  electricity. 
The  greater  the  stimulus,  the  greater  the  negative  variation,  but 
there  is  not  a  definite  proportion  between  them.  Hermann  has  shown 
that  neither  in  the  nerve  nor  in  the  muscle  do  any  of  these  currents 
exist  so  long  as  the  structures  are  uninjured.  To  generate  a  nerve- 
current  in  repose  it  is  necessary  to  make  a  transverse  section.    This 
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the  longitudinal  surface.  They  are  surrounded  by  a  non-electrie 
conducting  surface.  When  an  electrode  is  placed  on  the  longitu- 
dinal surface  and  would  touch  the  positive  side  of  the  molecules,  the 
other  electrode  on  the  transverse  section  would  be  in  contact  with 
the  negative  side. 

Alteration  Hypothesis. — ^It  was  shown  that  muscle  not 
injured  exhibited  no  electrical  current.  Hermann  states  that  these 
currents  are  due  to  the  chemical  constitution  of  the  tissue  at  the 
cross-section.  He  believes  that  the  current  is  the  result  of  injury, 
causing  death  of  a  small  part  of  the  muscle  fiber  at  the  cross-section, 
and  so  producing  differences  in  potential.  The  difference  of  poten- 
tial arises  at  the  demarcation  between  dying  and  injured  muscle; 
hence  the  name  "demarcation  current."  The  dying  portion  of  the 
cross-section  of  the  muscle  behaves  negatively  to  the  living,  and 
the  electromotive  force  has  its  seat  in  the  demarcation  zone  between 
the  living  and  dying. 

Hering  is  in  accord  with  DuBois-Beymond,  that  the  normal 
resting  muscle  is  the  seat  of  electromotor  forces  which  are  not 
exhibited.  The  electrical  currents  are  due  to  chemical  changes  in 
the  tissues.  Anabolism  causes  a  positive  electrical  phenomenon, 
and  katabolism  a  negative  condition  of  the  part.  The  majority 
of  physiologists  have  accepted  the  alteration  theory  as  the  one  explain- 
ing the  majority  of  the  facts  observed. 

Neither  theory  explains  all  the  facts. 


CHAPTER  XIV. 

THE  ANATOMY  AND  PHYSIOLOGY  OF  THE  NERVOUS 

SYSTEM. 

ANATOMY  OF  THE  NERVOUS  SYSTEM  (EXCEPT  THE 

CEREBELLUM).^ 

STRUCTURE  OF  NERVE-TISSUE. 

Nerve-tissues  present  themselves  in  two  varieties:  some  as 
white  substance  and  some  as  gray  substance.  These  two  substance* 
are  different,  not  only  in  color,  but  also  in  physical  and  chemical 
properties  and  in  anatomical  arrangement. 

The  gray  substance  contains  as  characteristic  elements  the  n^rrc- 
cells;  the  white  substance,  the  nerve-fibers.  These  latter  emerge  from 
the  gray  nervous  substance  to  branch  out  toward  the  peripheral 
organs.  These  two  substances,  gray  and  white,  possess  a  common  ele- 
ment known  as  neuroglia;  in  addition,  each  contains  blood-vessels. 

The  Nerve-ccU,  or  Ifeuron. — The  nerve-cell  is  the  characteristic 
fundamental  element  of  the  gray  substance:  it  is  an  independent 
unit  of  the  nervous  system.  It  is  the  element  which  gives  to  thi:» 
kind  of  nervous  tissue  its  gray  color.  When  these  units  are  chargeil 
with  a  strong  portion  of  pigment,  they  are  black,  as  in  the  locus  niger 
of  the  cerebral  peduncles.  When  a  little  less  pigmented  they  pre- 
sent a  grayish  color:  the  color  that  is  characteristic  of  the  hram 
and  the  central  portion  of  the  spinal  cord.  They  may  be  charged 
with  red  pigment,  then  the  cells  are  reddish ;  such  cells  constitute 
the  red  nucleus  of  the  head  of  the  cerebral  crura. 

Structure  of  the  Nerve-cell. — The  nerve-cell  is  composed 
of  (1)  a  mass  of  protoplasm  inclosing  a  nucleus  with  its  nucleolus; 
(2)    of   simple   or  branched  prolongations.     The   protoplasm  of    ^ 
nerve-cell,  like  that  of  many  other  cells,  is  formed  of  a  very  delica^^ 
network  of  bands  whose  meshes  are  filled  with  a  clear  or  finely  gran^^' 
lar  albuminoid  substance.     The  network  has  been  designated  by  t^^ 
name  of  spongioplasm  and  the  intermediate  substance  is  general  *) 
termed  hyaloplasm.     As  to  those  two  components  the  protoplasm    ^ 
nerve-cells  is  like  that  of  most  other  cells. 

Fibrils, — One  peculiarity  is  the  presence  in  it  of  fibrils  whi^'' 
run  through  its  substance. 
(590) 
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A  and  B,  Cell!  tram  the  anlerlor  born  ol  u  hamao  Bplntl  cord.  Fixed  wlUi 
■IcohDl  and  etalDed  wKh  melhrl-bluo.  C.  QaDgtLon-c«ll  fixed  wlita  alcobol  ind 
■talned  with  hEematoxyltD,  D.  Onagllon-cfll  trom  antertor  horn  oI  fiBtal  doc. 
(After  aa  original  preparatlac  by  Rahon  t  Cajal.)  Prepared  with  Oolsl 
meth(»d.    S,  Neuroglia.    (Atler  an  original  preparatloD  by  Wbicbbt.) 
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CelUprolongations, — From  the  researches  of  Deiters  it  has  been 
learned  that  nearly  every  nerve-cell  has  protruding  from  its  periphery 
a  greater  or  less  number  of  prolongations.     These  are  of  two  vari- 
eties :    one  is  unique,  nonbranching,  and  prolonged  imder  the  form 
of  a  cylinder-axis  of  a  nerve.    It  is  known  by  the  various  terms,  m- 
cylinder,  tuuraxon,  Deiters^  process,  and  neuriie.    The  other  variety  of 
prolongations  is  composed  of  many,  though  an  uncertain,  number  of 
processes.     This  new  set  of  prolongations  bears  the  name  of  pio- 
plasmic  processes,  dendrons,  dendrites,  or  the  poles  of  the  cells.  Some 
cells  possess  no  dendrons,  others  very  many.    However,  it  is  believed 
that  no  cell  is  without  its  neuraxon.    According  to  Cajal,  the  com- 
munication of  tlie  prolongations  of  the  cells  among  tliemselves  is 
no  more  than  that  of  simple  contact.    It  is  analogous  to  the  contact 
which  permits  of  the  passage  of  the  electrical  current  when  the  two 
electrodes  of  an  electrical  battery  are  in  contact.    Further,  the  nenous 
impulses  are  transmitted  only  along  the  neuraxons  from  cell  to  cell. 
This  neuraxon,  by  branching  and  coming  in  contact  with  the  dendrons 
of  other  and  neighboring  cells,  conveys  its  impulse  to  them.    They  in 
turn  transmit  it  centripetally  to  the  axis-cylinders  of  their  own  cells  to 
be  further  transmitted  to  other  cells.    The  nerve-cell,  according  to 
this  doctrine,  would  be  physiologically  unipolar.    To  denote  this  close 
contact  existing  between  the  axis-cylinder  and  dendrons  of  various 
cells,  Foster  has  used  the  term  "synapsis." 

Bethe's  Theory  of  Nerve-cell  Connections, — According  to  Bethe, 
when  a  nerve  is  cut  the  nuclei  of  the  neurilemma  can  regenerate  a 
new  f^band-fibcr"  without  union  with  the  central  stump.  Hence  we 
believe  that  the  axis-cylinder  is  only  an  outgrowth  from  the  nerve-celL 
According  to  Bethe,  the  neuro-fibrils  go  through  the  nerve-cells  and 
by  a  network  are  placed  in  direct  communication  with  the  neuro- 
fibrils of  other  neurons.  Here  the  cell  has  no  direct  activity  in  the 
conduction  of  impulses  from  one  part  of  the  nervous  system  to  the 
other.  The  neuro-fibrils  alone,  and  the  cellular  network  within  and 
around  the  nerve-cells  with  which  thev  connect,  form  the  conduct- 
ing  track  that  at  all  points  is  in  continuity. 

The  nerve-colls  of  the  gray  matter  are  of  various  sizes  and 
shapes,  the  branched,  stellate,  or  multipolar  form  being  predominant. 
Some  are  more  or  less  bipolar  or  spindle-shaped;  however,  at  each 
extremity  there  is  usually  a  fine  plexus  of  branches.  Some  are  ovoid 
or  pyriform,  as  in  the  cortex  of  the  cerebellum,  where  they  have 
received  the  name  of  cells  of  Purkinje.  The  cells  of  the  ganglia 
of  the  spinal  nerves  are,  in  great  part,  unipolar. 
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The  dimensions  of  the  nerve-cells  are  very  variable;  the  smallest 
are  about  V4000  i^^ch  in  diameter,  the  cells  of  the  posterior  horns  of 
the  spinal  cord  are  from  Vasoo  to  V1200  inch,  and  the  giant  cells  of 
the  anterior  horns  of  the  spinal  cord  arc  about  V250  inch  in  diameter. 

By  employing  Golgi's  silver-nitrate  method  of  staining,  the 
nerve-cells,  with  their  processes,  are  stained  black  from  a  deposition 
of  the  silver.     By  means  of  this,  the  nerve-prolongations  may  be 
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Fig.  234. — A  Piece  of  Medullatcd  Nerve-fibril  of  Man,  Nucleus  and  Axis 

Cylinder  Stained  by  Carmine.      (Sobotta.) 

a.  Axis  cylinder,    k.  Nucleus,    m.  Medulla,    n,  Neurilemma  (Schwann's  sheath). 

Fig.  235. — A  Piece  of  Medulla  ted  Nerve  of  Man.     It  shows  Ranvier's 
Constrictions  and  Lantermann's  Incisures.      (Sobotta.) 

m,  Medulla.    8vh,  Ranvier's  constrictions. 

traced  to  their  ultimate  terminations.  This  method  beautifully  dem- 
onstrates the  distribution  of  the  neurites,  their  branching,  and  man- 
ner of  contact  with  dendrites  of  contiguous  cells;  also,  how,  as  a 
mle,  the  neuraxon  do(»s  no  very  immediate  branching.  It  must  be 
stated,  though,  that  usually  from  the  neuraxon  there  proceed  numer- 
ous fine  fibrils  to  which  the  term  collaterals  is  applied.  These  are  in 
communication  with  the  dendrites  of  the  neighboring  cells.  In  nerve- 
centers,  the  neuraxon,  after  proceeding  for  some  distance,  does  really 
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branch  to  form  arborizations  to  come  into  contact  with  nerved- 
drites. 

The  Nbbve-fibers. — Every  nerve-fiber  is  a  process  of  a  nerve- 
cell.  It  is  the  neuraxon  of  some  particular  cell.  It  is  the  medium 
which  conducts  impulses  to  or  from  the  tissues  and  organs,  on  the 
one  hand,  and  the  nerve-centers,  on  the  other.  In  the  majority  of 
cells  the  neuraxon  acquires  a  sheath  to  be  thus  converted  into  a 
medullated  nerve-fiber.  Thus,  there  are  two  kinds  of  nerve-fibers: 
medullated,  or  those  with  myelin ;  and  nonmeduUaied^  or  those  without 
myelin. 

Medullated  Fibers  in  the  fresh  condition  are  bright,  glistening 
cylinders  showing  a  dark,  double  contour.  The  essential  part  of  the 
fiber  is  the  axis-cylinder.  This  is  a  soft,  transparent  rod,  or  thread, 
which  runs  from  one  end  of  the  fiber  to  the  other.  It  does  not 
anastomose  with  its  neighbors,  and  in  the  average  nerve  is  about  Vuw 
inch  in  diameter.  After  the  employment  of  certain  reagents  the 
axis-cylinder  shows  itself  to  be  composed  of  very  fine,  homogeneous 
or  more  or  less  beaded  fibrilla?.  The  latter  are  the  ekmentary,  or 
primitive  fibrillce.  They  are  held  together  by  a  small  amount  of  a 
faintly  granular,  interstitial  substance.  The  thickness  of  the  axis- 
cylinder  is  in  direct  proportion  to  the  thickness  of  the  whole  nerve* 
fiber.  The  axis-cylinder  is  enveloped  in  its  own,  more  or  less  elastic 
hyaline  sheath. 

The  axis-cylinder  is  not  regularly  cylindrical,  but  is  slightly  nar- 
rowed in  places.  Under  the  influence  of  silver  nitrate  applied  to  its 
surface  there  appear  alternate  obscure  and  clear  transverse  Btrije. 
They  are  the  so-called  lines  of  Frommann. 

Myelin. — Surrounding  the  axis-cylinder  is  the  myelin,  medullani 
sheath,  or  the  white  substance  of  Schwann.  It  is  a  layer  of  fatty  sub- 
stance, strongly  refracting,  and  of  homogeneous  aspect.  It  is  colored 
black  by  osmic  acid.  It  is  the  myelin  which  gives  to  the  nerve  its 
double  contour.  It  is  composed  of  a  network  of  fibrils  of  a  chemical 
substance  called  neurokeratin,  which  incloses  the  semi-fluid,  fatty  sub- 
stance. The  latter  contains,  among  other  substances,  a  complex, 
phosphorized  fat. 

The  sheath  of  myelin  envelops  the  axis-cylinder  everywhere,  ex- 
cept at  its  termination  and  at  the  nodes  of  Ranvier. 

In  its  arrangement  the  myelin  is  imbricated  in  the  fashion  of 
tiles  on  a  roof  by  reason  of  a  series  of  segments  one  above  the  other. 
They  are  separated  one  from  the  other  by  clear  lines.    The  lines  are 
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known  as  the  incisures  of  Laniermann,  and  the  segments  as  those  of 
Schmidt. 

Neurilemma. — The  neurilemma  or  sheath  of  Schwann,  sur- 
rounds the  medullary  sheath  to  form  the  outer  boundary  of  the  nerve- 
fiber.  It  is  a  thin,  elastic,  very  delicate,  hyaline,  and  transparent  mem- 
brane. It  is  comparable  to  the  cell-wall  of  a  cell.  Between  the  neu- 
rilemma and  medullary  sheath  there  are  irregularly  scattered  ovoid 
nuclei.  They  are  the  nerve^orpusdes,  and  are  analogous  to  the 
muscle-corpuscles  previously  mentioned.  Each  nerve-corpuscle  is  sur- 
rounded by  a  thin  zone  of  protoplasm. 

Between  the  myelin  layer  and  the  neurilemma  is  a  thin  zone  of 
protoplasm.  When  this  arrives  at  the  level  of  the  annular  constric- 
tions it  is  reflected  upon  itself  to  line  the  internal  surface  of  the 
myelin  layer  (Mauthner's  membrane).  The  protop'asm  is  also  insinu- 
ated into  the  incisures  of  Lantermann  and  decomposes  the  layer  of 
myelin  into  the  superposed  segments  of  Schmidt. 

Nodes  of  Ranvier. — At  intervals  of  about  one  micromillimeter 
along  the  course  of  the  nerve  there  appear  constrictions:  the  nodes 
of  Eanvier.  At  these  points  the  myelin  sheath  is  interrupted  so  that 
the  neurilemma  appears  to  do  the  constricting.  That  portion  of  the 
nerve-fiber  between  any  two  constrictions  is  termed  an  internodal  seg^ 
ment.  At  about  the  center  of  each  internodal  segment  is  located  one, 
sometimes   more,   nerve-corpuscles.. 

Such  is  the  composition  of  a  medullated  nerve-fiber.  This  type 
of  nerve  is  found  chiefly  in  the  white  matter  of  the  nerve-centers  and 
in  the  cerebro-spinal  nerves,  with  the  exception  of  the  olfactory  nerve. 

NoNMEDULLATED  Nerve-fibers. — They  occur  especially  in  the 
sympathetic  system,  but  are  also  present  to  a  slight  extent  in  the 
cerebro-spinal  nerves. 

Each  fiber  consists  of  a  bundle  of  fibrils — primitive  fihril-s — 
which  are  inclosed  in  a  delicate,  transparent,  and  elastic  sheath.  The 
fibrils  are  very  delicate  and  somewhat  flattened.  Here  and  there  along 
the  course  of  the  fibrils  will  be  found  oval  nuclei.  These  latter  lie 
between  the  axis-cylinders  and  their  enveloping  neurilemma.  As 
these  fibrils  contain  no  myelin,  they  are  not  blackened  by  osmic  acid. 
This  allows  of  a  differentiation  between  medullated  and  nonmedul- 
lated  nerves  when  examining  the  nerve-supply  of  a  tissue. 

Nerve-trunks  consist  of  bundles  of  nerve-fibers.  Each  bundle, 
of  course,  contains  a  greater  or  less  number  of  fibrils.  Several  bun- 
dles are  held  together  by  a  common  connective-tissue  sheath:  the 
epineurium.    Delicate  fibrils  lie  between  the  nerve-fibers  to  constitute 
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the  endonenrium.  The  larger  blood-  and  lymph-  vesssb  lie  in  tbe 
epineurium ;  the  few  capillaries  of  the  nerve-fibers  lie  supported  in 
the  endoneurium. 

Regeneration  op  United  Nerves. — If  a  nerve  is  cut,  its  peri- 
pheral end  undergoes  degeneration.  The  fiber  breaks  up  into  small 
pieces  of  myelin,  each  holding  a  piece  of  neuraxon  which  is  finally 
absorbed.  Repair  of  the  nerve  begins  wholly  during  the  degenere- 
tion.  The  nuclei  of  the  neurilemma  increase  in  number  to  form 
around  them  a  layer  of  protoplasm  or  cytoplasm.  At  length  the 
cytoplasm  becomes  a  continuous  piece  of  protoplasm,  and  the  fiber 
thus  produced  is  known  as  a  "band-fiber."  Then  there  is  an  arrest  of 
regeneration  unless  the  peripheral  fiber  is  anatomically  united  to  its 
central  connection.  If  the  central  and  peripheral  ends  are  brought 
together,  then  the  "band-fiber''  becomes  changed  into  a  nonnal  nerve- 
fiber,  with  a  sheet  of  myelin  and  a  cylinder  axis.  The  axis  cylinder 
in  the  peripheral  end  of  the  nerve  is  supposed  to  grow  out  from  the 
central  end  of  the  nerve. 

Termination  of  the  Nerve. — After  a  certain  course  in  the  trunk 
of  the  nerve  the  nerve-fiber  divides  at  the  periphery  into  a  terminal 
plaque,  the  motor  plaque  of  muscles ;  or  into  a  sense-cell,  as  in  tl»e 
retinal  cells  or  organ  of  Corti ;  or  into  a  sense-corpuscle,  as  a  tactile 
corpuscle;  or  into  numerous  fibrils  which  anastomose  to  form  a 
terminal  plexus,  as  in  the  cornea. 

Nonmedullated  Fibers,  that  is,  those  that  are  naked,  pale  or 
gray,  and  reduced  to  an  axis-cylinder  and  sheath,  branch  and  form 
networks — their  peripheral  terminations.  This  mode  of  termination 
occurs  in  the  nerve-fibers  of  common  sensation,  as  in  many  of  the 
nerve-fibers  of  the  skin,  cornea,  and  mucous  membrane.  In  all  of 
these  cases  the  peripheral  termination  fibrils  are  intra-epithelial: 
that  is,  they  are  situated  in  the  epithelial  portions  of  cornea,  mucous 
membrane,  etc. 

Neuroglia. — In  the  gray,  as  well  as  in  the  white,  substance  of 
the  nerve-centers  there  exists  between  the  cells  and  nerve-fibers  an 
intervening  substance  which  has  been  termed  neuroglia.  It  must  not 
be  confounded  with  the  true  connective  tissue  along  the  course  of 
the  blood-vessels  in  the  nerve-centers.  Its  chemical  nature  is  wholly 
different  from  the  latter,  which  is  alwavs  derived  from  the  mesoblast 
Ranvier  has  shown  that  neuroglia  is  derived  from  tlie  primitive  neuro- 
blast or  epiblast. 

Neuroglia  sometimes  presents  itself  in  the  shape  of  very  fine  fila- 
ments assembled  in  a  very  close  network,  as  in  the  gray  substance. 
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Sraietimes^  again,  it  is  seen  under  the  aspect  of  reticulated  plates 
bounding  the  space  in  which  the  nerve-iibars  pass.  This  is  beautifully 
demonstrated  in  the  white  substance  of  the  columns  of  the  spinal  cord. 

Elsewhere  the  neuroglia  is  found  to  be  a  homogeneous,  gelatini- 
fonn  substance,  as  in  the  ependyma  of  the  spinal  cord  or  in  the  gela- 
tinous substance  of  Bolando  in  the  postero-lateral  groove  of  the  same 
structure. 

Besides  the  fibers  and  plates  already  mentioned,  neuroglia  con- 
tains cells.  These  are  star-shaped,  flat,  and  nucleated.  They  have 
niunerous  prolongations.  By  the  aid  of  these  prolongations  the  cells 
of  the  neuroglia  anastomose  freely  with  one  another  to  form  a  very 
complicated  network.    This  incloses  in  its  meshes  the  nerve-elements. 

Neuroglia  enjoys  the  role  of  a  true  cement  which  unites  all  of 
the  fibers  and  nerve-cells. 

Classification  of  Nerve^ells. — ^According  to  Schafer,  nerve-cells 
are  broadly  classified  into:  "1.  Afferent  cells,  which  receive  impres- 
sions at  the  periphery  to  convert  them  into  impulses.  The  latter  then 
pass  toward  the  central  nervous  system.  2.  Efferent  cells,  which  send 
out  nervous  impressions  toward  the  periphery.  3.  Intermediary  cells, 
which  receive  impressions  from  afferent  cells  to  transmit  them  directly 
or  indirectly  to  efferent  cells.  4.  Distributing  cells,  which  occur  near 
the  periphery,  and,  receiving  impulses  from  efferent  cells,  distribute 
them  to  involuntary  muscles  and  secreting  cells.  The  cells  of  this 
class  belong  to  the  so-called  sympathetic  system. 

'The  afferent  and  efferent  cells  are  known  as  root-cells.  The 
greater  number  of  the  nerve-cells  of  the  brain  and  cord  belong  to  the 
intermediate  class.  They  serve  the  purposes  of  association  and 
coordination  and  afford  a  physical  basis  for  psychical  pihenomena.** 
Efferent  fibers  are  also  called  cellulifugal.  Afferent  fibers  are  also 
called  cellulipetal. 

Structure  of  the  Gray  Substance. — The  gray  matter  is  formed 
(1)  of  nerve-cells,  (2)  of  neuroglia-cells,  (3)  of  fibril  elements  repre- 
senting the  prolongations  of  nerve-  and  neuroglia-  cells,  (4)  of  an 
inter\'ening  network  formed  by  the  branching  fibrils,  and  (5)  of 
blood-vessels.  Elements  1,  2,  and  3  (here  enumerated)  of  the  struc- 
ture have  been  treated  previously  in  detail. 

The  blood-vessels  penetrate  the  gray  substance,  and  are  sur- 
rounded with  a  layer  of  connective  tissue  coming  from  the  pia  mater, 
which  they  have  received  in  their  passage  along  and  through  this 
membrane.  The  connective  tissue  forms  sheaths  around  the  capillary 
network,  arterioles,  and  little  veins,  in  which  the  vessels  seem  to  float. 


606 


PHYSIOLOGY. 


These  have  been  termed  the  perivascular  sheaths  of  His.  Between 
them  and  the  vessels  exists  a  lymph-space :  one  of  the  origins  of  the 
lymphatics. 

White-substance  Formation. — ^The  white  matter  is  formed  by  the 
bundles  of  white  fibers  covered  by  a  lamellar  investment  of  neuroglia. 
These  bundles  are  separated  from  one  another  by  tracts  of  connective 
tissue  detached  from  the  pia  mater. 

Axis-cylinders  are  also  found,  which  come  from  the  gray  matter. 
Blood-vessels  anastomose  and  run  in  a  course  parallel  with  the  nerre- 
fibers.  This  circulatory  network  likewise  has  a  perivascular  sheath  as 
has  that  in  the  gray  substance. 

Chemical  Properties  of  Nervons  Substance. — The  following  table 
of  Landois  gives  the  percentage  of  the  various  components  of  both 
gray  and  white  matters : — 


Chkmical  Composition  of 


Water 
BoUOs 


The  solids  ooDsist  of : — 
Proteida  (globuUns) 


•   .   • 


Lecithin  

Cbolesterin  and  fats    .... 
Cerebrin  .    •    . 

Snbetances  insolable  Id  ether 
Baits       


Gray  Matter. 

Whitr  Mattu. 

81.6  percent. 

68.4  percent 

18  4        " 

31.6       " 

55.4  per  cent. 

24.7  percent 

17.2        ** 

9.9       " 

18.7        " 

52.1 

0.5        ** 

9.5        " 

6.7        " 

3.3        " 

1.6        " 

0.6        " 

In  100  parts  of  ash,  Breed  found  potash.  32;  soda,  11 :  magnesia. 
2;  lime,  0.7;  NaCl,  5;  iron  phosphate,  1.2 ;  fixed  phosphoric  acid, 
39 ;  sulphuric  acid,  0.1 ;   and  silicic  acid,  0.4. 

Composition  of  Nerve-tissue,  According  to  Halliburton.— (a) 
Proteids.    Over  50  per  cent,  in  gray  matter.     They  are: — 

1.  Neuro-globulin  (alpha),  coagulates  at  47**  C. 

2.  A  nucleo-proteid  which,  like  other  proteids.  causes  ex* 

tensive  intravascular  coagulation. 

3.  A  nenro-globulin  (beta). 

(h)  Nuclein  from  nuclei  of  cells, 
(r)  Neuro-keratin,  from  neuroglia, 
(d)  Phosphorized  fats. 

1.  Lecithin;    when   decomposed   it  gives  rise  to  glycero- 
phosphoric  acid,  stearic  acid,  and  choline. 
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2.  Protagon.  Dr.  W.  J.  Gies  has  shown  that  protagon  is 
not  a  true  body  but  a  mixture  of  substances. 

3.  Kephalins. 

(e)  Cerebrins  (nitrogenized  substances,  or 

Cerebrosides.  The  name  cerebrosides  indicates  that  they  are 
glucosides,  and  that  the  sugar  (cerebrose)  obtained  from 
them  has  been  identified  as  galactose. 

(f)  Cholesterin. 

(g)  Extractives:    creatin,  xanthin,  hypoxanthin,  inosite,  lactic 

acid,  uric  acid,  and  urea. 

(h)   Gelatin. 

(i)   Inorganic    salts,    of    which    the    alkaline    phosphates    and 
chlorides  are  the  most  abundant. 

Haitai  has  shown  that  lecithin,  when  administered  to  white  rats, 
caused  a  gain  of  GO  per  cent,  in  body-weight  compared  with  the  nor- 
mal animal.     Hence  lecithin  is  a  stimulant  of  normal  growth. 

Beactiox. — ^When  passive,  nerve-tissue  is  neutral  or  feebly  alka- 
line.    When  active  or  dead  it  is  said  to  be  acid. 

It  is  found  that  after  death  nerves  have  a  more  solid  consistence. 
Probably  some  coagulation  occurs  which  is  to  be  compared  to  the 
stiffening  of  muscle.  Simultaneously  there  is  generated  and  liberated 
a  free  acid. 

Mechanical  Properties. — A  remarkable  property  of  nerve-fibers 
is  the  absence  of  elastic  tension  according  to  the  varying  positions  of 
liie  bodv.     Divided  nerves  do  not  retract. 

The  cohesion  of  a  nerve  is  an  important  property.  Oftentimes 
when  a  limb  is  forcibly  torn  from  the  body  the  nerve  still  remains 
intact  (though  considerably  stretched),  while  the  other  soft  tissues 
are  completely  severed.  The  sciatic  nerve  at  the  level  of  the  popliteal 
space  requires  a  force  equal  to  one  hundred  and  ten  or  one  hundred 
and  twelve  pounds  to  rupture  it;  the  median  or  ulnar  require  forces 
equal  to  forty  or  fifty  pounds.  The  latter  nerves  will  stretch  six  or 
eight  inches  before  the  point  of  rupture  is  reached.  It  is  upon  the 
knowledge  of  this  fact  that  the  metliod  of  nerve-stretching  is  employed 
in  some  forms  of  neuralgia. 

Nerve-metabolifun. — Some  extractives  are  obtained  which  are 
lielieved  to  be  decomposition  products  of  the  nerve. 

The  Ifenre-centers. — Tlie  nerve-fibers  and  nerve-cells  comprise 
the  essentials  from  which  the  nerve-centers  are  formed :  the  elements 
must,  of  course,  be  held  together  by  enveloping  neuroglia.  The  term 
center  is  merely  applied  to  an  aggregation  of  nerve-cells  which  are 
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80  related  to  one  another  as  to  subserve  a  certain  function.  These 
cells  give  off  numerous  processes  whereby  they  are  brought  into 
direct  communication  with  one  another  as  well  as  other  parts  of  the 
body.  These  masses  thus  fonn  structural  integrations  which  per- 
form corresponding  integral  functions.  If  at  any  time  the  etruc- 
ture  suffers,  the  function  must  of  necessity  suffer  also. 

The  nerve-centers  comprise  the  spinal  cord,  medulla  oblongata, 
pons  Varolii,  cerebrum,  and  cerebellum. 

Common  Properties. — ^There  are  certain  properties  which  all 
nerve-centers  seem  to  possess  in  common  and  which  are  of  interest 
to  the  student : — 

1.  They  all  contain  nerve-cells.  These  are  the  real  centers  of 
activity.  They  both  originate  and  conduct  impulses.  Nerve-fibew 
are  almost  exclusively  conductors. 

2.  Nerve-centers  are  capable  of  discharging  reflexes.  They  are 
motor,  secretory,  and  inhibitory  reflexes. 

3.  They  are  the  seat  of  auioinatic  excitement  when  phenomena 
are  manifested  without  the  application  of  any  apparent  external 
stimulus. 

4.  The  nerve-conter.s  are  trophic  centers  for  both  their  nerves 
and  the  tissues  supplied  by  them. 

THE  SPINAL  CORD. 
Structure  of  the  Spinal  Cord. 

"The  key  to  the  study  of  the  central  nervous  system  is  to  re- 
member that  it  begins  as  an  involution  of  the  epiblast.  It  is  origi- 
nally tubular  with  a  central  canal  whose  brain-end  is  dilated  into 
ventricles.  In  the  spinal  cord  there  are  throe  concentrated  parts: 
First,  the  columnar,  ciliated  epithelium ;  outside  of  this  is  the  cen- 
tral gray  tube;  and,  covering  all,  the  outer  white,  conducting  fibers." 
(Hill.) 

The  spinal  cord  is  that  portion  of  the  cerebrospinal  axis  which 
is  inclosed  within  the  vertebral  canal.  It  extends  in  the  form  of  a 
liirge,  cvlindrical  cord  from  the  upper  level  of  the  atlas  to  the  first 
or  second  lumbar  vertebra.  Above  it  is  continuous  with  the  medulla 
oblongata.  Below  it  becomes  conical,  to  terminate  finally  in  a  slen- 
der filament:  the  fihim  terminale.  It  is  attached  to  the  base  of  the 
coccyx.  The  filum  terminale  emerges  from  the  conical  extremity  of 
the  spinal  cord.  The  cone  is  a  mass  of  nerve-roots  which,  from  it? 
striking  resemblance  to  a  horse's  tail,  has  been  termed  the  cauda  equina. 
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The  average  length  of  the  spinal  cord  is  eighteen  inches.  In  the 
foetus  the  cord  extends  the  whole  length  of  the  vertebral  canal.  The 
diiference  in  relative  length  of  the  cord  in  the  foetus  and  in  the 
adult  is  due  to  the  unequal  and  more  rapid  growth  of  the  spinal 
canal  than  of  the  cord.  The  cord  thus  seems  to  ascend  in  its  canal. 
Instead  of  the  spinal  nerves  of  the  lower  portion  of  the  cord  leaving 
their  points  of  emergence  horizontally,  they  sweep  down  like  the 
hairs  in  the  tail  of  a  horse  to  form  the  aforementioned  cauda  equina. 

Covering^. — Not  only  is  the  cord  protected  by  the  spinal  canal 
in  which  it  is  suspended,  but  in  addition  it  is  enveloped  by  a  triple 
membranous  container.  The  cord  does  not  more  than  half  fill  the 
lumen  of  the  spinal  canal.  It  is  suspended  in  this  cavity  surrounded 
by  an  aqueous  medium :   the  cerebrospinal  fluid. 

The  investing  membranes  have  been  termed,  from  within  out- 
ward, pia  matery  arachnoid,  and  dura  mater.  They  form  a  sheath,  or 
iheca,  which  is  considerably  larger  than  the  cord.  It  is  separated 
from  the  bony  wall  of  the  spinal  canal  by  venous  plexuses  and  loose 
areolar  tissue.  , 

The  pia  mater  is  a  very  delicate  covering  which  is  closely 
adherent  to  the  cord.  It  sends  numerous  septa  into  the  substance 
of  the  cord  as  well  as  into  its  anterior  and  posterior  median  fissures. 
It  is  composed  of  blood-vessels  and  connective  tissue. 

The  arachnoid  (spider's  web)  is,  as  its  name  implies,  a  very  deli- 
cate, reticular  membrane.  It  is  nonvascular.  Hanging  like  a  cur- 
tain between  the  innermost  and  outermost  membranes,  it  forms  two 
spaces  which  are  termed  subdural  and  subarachnoid. 

The  outermost  and  toughest  membrane  is  the  dura  mater.  It 
is  a  very  dense  sheath  and  lies  indirectly  in  contact  with  the  canal- 
wall.  However,  unlike  the  dura  of  the  brain,  it  does  not  form  the 
periosteum  for  the  portions  of  the  vertebrae  constituting  the  walls  of 
the  spinal  canal. 

Diameter  of  the  Cord. — The  volume  of  the  cord  is  not  the  same 
throughout  its  whole  extent.  Although  of  a  mean  diameter  of  half 
an  inch,  yet  it  presents  two  decided  enlargements. 

The  one  enlargement  is  at  the  level  of  the  inferior  portion  of 
the  cervical  region;  the  other  at  the  lower  portion  of  the  dorsal 
region.  The  first  one  is  the  cervical  enlargement  from  which  emerge 
the  nerves  of  the  upper  extremity.  The  name  brachial  enlargement 
has  been  given  to  it. 

Prom  the  lower  enlargement  arise  the  nerves  which  proceed  to 
the  lower  extremities.     It  is  known  as  the  lumbar  enlargement.    At 

so 
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the  site  of  each  enlargement  the  cord  loses  its  cylindrical  form  to 
become  somewhat  flattened  from  before  backward. 

The  formation  of  the  enlargements  is  in  intimate  relation  with 
the  development  of  the  members.  In  fishes  we  have  only  rudiment- 
ary  members,  the  cord  is  of  uniform  diameter  throughout.  In  steel- 
workers  the  cervical  swelling  is  considerable. 

The  iveight  of  the  cord  is  about  one  mid  one-fourth  ounm;\\'h 
equal  to  about  one  fortieth  of  the  weight  of  the  brain. 

The  suspension  of  the  spinal  cord  within  the  canal  is  main- 
tained laterally  by  irregular  fibrous  tracts  which  form  the  liganmiufn 
denticulatum.  Laterally  the  roots  of  the  spinal  cord  give  support: 
below,  the  filum  terminale  fastens  it  to  the  coccyx ;  above,  its  m- 
tinuation  as  the  medulla  furnishes  the  most  important  support. 

Exterior  Form  of  the  Cord. — Externally  the  cord  has  two  longi- 
tudinal median  grooves:  one  anterior,  the  other  posterior.  Tbey 
traverse  the  entire  length  of  the  cord  to  divide  it  into  two  halvef 
which  are  usually  perfectly  symmetrical.  The  origins  of  the  spiwl 
nerves  are  situated  upon  each  side  of  these  two  parallel,  longitudinal 
lines. 

The  anterior  median  groove  divides  the  anterior  surface  of  the 
cord  into  two  perfectly  equal  parts.  It  extends  from  the  decus^- 
tion  of  the  pyramids  to  the  caudal  extremity  of  the  cord.  In  depth 
it  occupies  nearly  a  third  of  the  thickness  of  this  organ.  In  this 
groove  is  folded  a  layer  of  pia  mater;  at  its  base  is  seen  a  layer  which 
passes  from  one-half  of  the  cord  to  the  other — the  white,  or  antfrior, 
commissure. 

The  posterior  median  fissure,  deeper  and  narrower  than  tho 
anterior,  extends  from  the  nib  of  the  calamus  scriptorius  to  the 
termination  of  the  spinal  cord.  Into  this  groove  the  pia  mater  send? 
but  a  simple  partition;  but  it  is  very  adherent  to  the  walls  of  the 
groove.  The  depth  of  the  fissure  is  bounded  by  a  commissure  analng- 
ous  to  that  which  is  furnished  to  the  anterior  median  groove,  but  of 
a  gray  color.     This  is  the  gray,  or  posterior,  commissure. 

Upon  each  side  of  the  cord  arc  seen  two  lateral  grooves  which 
represent  the  linos  of  implantation  of  the  anterior  and  posterior 
roots.  They  are  known  as  the  antero-  and  postero-Jateral  groort^ 
The  latter  is  the  more  apparent  of  the  two,  showing  itself  in  the 
form  of  a  dotted,  longitudinal  line.  • 

The  antero-latoral  groove  corresponds  to  the  line  of  insertion 
of  the  anterior  roots  of  the  spinal  nerves.     The  two  lateral  grooves 
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may  be  regarded  as  purely  artificial;  seen  only  after  the  spinal  nerves 
are  torn  from  the  cord. 

By  virtue  of  the  median  and  lateral  fissures  the  cord  is  divided 
into  columns,  paired  and  symmetrical.  The  portion  comprised  be- 
tween the  anterior  median  and  the  antero-lateral  fissures  is  known 
as  the  anterior  column.  That  portion  between  the  two  lateral  fissures 
bears  the  name  of  lateral  column.  That  part  between  the  postero- 
lateral and  posterior  median  groove  is  the  posterior  column. 

Anatomy  and  physiology  demonstrate  that  the  separation  of  the 
anterior  from  the  lateral  column  is  not  complete;  hence  it  is  cus- 
tomary to  reunite  these  two  columns  under  the  name  of  antero- 
lateral columns. 

Internal  Conformation  of  the  Spinal  Cdrd. — The  texture  of  the 
cord  is  best  studied  by  means  of  transverse  section.  These  sections 
show  that  the  cord  is  composed  throughout  its  whole  extent  of  two 
substances:  one,  the  cortical,  white  substance;  and  the  other,  the 
central,  gray  substance. 

The  white  substance  is  located  peripherally  and  covers  all  of  the 
gray  substance  except  at  the  base  of  the  posterior  median  groove.  It 
forms  the  columns  which  have  just  been  pointed  out. 

The  gray  substance  forms  in  each  half  of  the  cord  a  longitudinal 
column  whose  transverse  section  appears  in  the  form  of  a  crescent 
with  its  concavity  directed  externally.  The  crescent  terminates  in 
two  swollen  extremities,  the  anterior  one  having  the  name  of  anterior 
liorn;  the  posterior  one,  that  of  the  posterior  horn. 

The  two  crescents  are  bound  to  one  another  at  their  convexity 
by  the  aid  of  a  transverse  band  of  gray  substance,  the  gray  commis- 
sure. This  band  is  pierced  centrally  by  a  canal,  the  central  canal  of 
the  cord.  It  runs  down  the  central  axis  of  the  cord  and  is  accom- 
panied on  each  side  by  a  vein,  the  central  veins  of  the  cord.  In  all 
sections  the  gray  matter  is  vaguely  represented  by  the  letter  H;  per- 
haps better  by  the  two  wings  of  a  butterfly  united  by  a  transverse 
bar.  The  column  of  gray  matter  is  not  exactly  of  the  same  form 
in  its  whole  length.  It  is  thicker  in  the  cervical  and  lumbar  regions 
than  in  the  thoracic.  The  white  matter  is  likewise  thicker  at  the 
level  of  the  cervico-dorsal  and  lumbar  enlargements.  At*  the  level 
of  the  Cauda  equina  the  white  substance  forms  but  an  enveloping 
layer  for  the  gray  matter. 

In  the  cervical  and  lumbar  regions  the  anterior  cornua  are 
remarkable  for  their  volume;  toward  the  dorso-lumbar  enlargements 
the  posterior  cornua  increase  in  size.     The  anterior  cornu  of  the 
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white  substance  which  surroundB  the  anterior  cornua  reaches  from 
the  anterior  median  groove  to  the  posterior  cornua.  It  seems  to 
form  a  homogeneous  column:  the  aniero-laieral  column. 

In  the  rear,  on  the  contrary,  the  posterior  cornua  sharply  sepa- 
rate the  preceding  to  form  posterior  columns.  They  lie  between  the 
posterior  median  groove  and  the  posterior  cornua.  In  the  cervical 
region  the  posterior  column  is  sharply  divided  into  two  secondary 
columns  by  the  posterior  intermediate  groove.  These  are  the 
columns  of  Goll  (next  to  the  posterior  median  groove)  and  Burdach 
(in  apposition  with  the  posterior  cornu). 

From  measurements  by  Stilling  it  seems  that  the  cervical  swell- 
ing results  from  a  localization  of  superdevelopment  of  both  gray  and 
white  matter  of  the  cord.  The  lumbar  enlargement  is  almost  exclu- 
sively formed  by  a  localized  superdevelopment  of  gray  substance. 
This  is  readily  explained  by  the  constitution  of  the  columns  them- 
selves. Excepting  the  fibers  forming  the  roots  of  the  spinal  nerves, 
the  columns  of  white  matter  are  formed  of  descending,  or  motor,  and 
ascending,  or  sensory,  fibers.  The  motor  bundle  successively  gives  off 
fibers  to  the  motor  roots  of  the  spinal  nerves  to  such  a  degree  that 
in  their  descent  their  volume  proportionately  diminishes. 

The  sensory,  or  ascending,  bundle,  receiving  fibers  from  each 
posterior  root  which  comes  from  a  sensory  nerve,  enlarges  as  it 
ascends.  Hence  it  results  that  at  the  level  of  the  lumbar  enlarge- 
ment the  bundles  are  at  a  minimum,  the  ascending  bundle  just  com- 
mencing, while  the  descending  bundle  is  nearly  spent. 

HiiLute  Constitution  of  the  Cord. — The  spinal  cord  is  composed 
of  fibers,  nerve-cells,  neuroglia,  and  blood-vessels.  In  the  white  sub- 
stance there  are  found  only  nerve-fibers  and  neuroglia;  in  the  gray 
substance,  nerve-cells  and  fibers  plunged  in  a  stroma  of  neuroglia. 

White  Substance. — The  white  matter  is  composed  principally 
of  medullated  fibers  without  the  sheath  of  Schwann.  The  fibers  in 
the  white  substance  are,  for  the  most  part,  arranged  longitudinally; 
those  which  pass  to  the  nerve-roots,  as  well  as  those  fibers  which  pro- 
ceed from  the  gray  matter  into  the  columns,  possess  an  oblique 
course.  In  addition  there  are  decussating  fibers  in  the  white  com- 
missure. 

On  cross-section  the  fibers  (which  are  of  different  sizes)  present 
the  appearance  of  small  circles  with  a  rounded  dark  spot  in  their 
centers.     This  latter  represents  the  axiK  cylinder  of  the  fiber. 

The  diameter  of  the  fibers  varies  from  V5000  to  ^/laoo  ii^ch. 
The   most  voluminous   are  the   motor   parts  of   the   antero-lateral 
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column    and    direct    cerebellar  tract;    the  finest  are  in  the  pos- 
terior median  column. 

Classification, — The  fibers  of  the  cord  are  classified  into  two 
great  classes:   iritrinsic  and  extrinsic. 

Intrinsic. — This  class  of  fibers  originates  in  and  terminates  in 
the  cord,  thereby  uniting  the  levels  of  gray  matter.  Fixed  by  their 
lower  extremities  upon  a  given  point  of  gray  substance,  they  foUoi 
an  ascending  course,  to  become  lost  by  their  extremities  in  a  more  or 
less  elevated  part  of  the  gray  column.  Thus  they  are  fibers  of  union 
or  association  for  the  purpose  of  establishing  communication  between 
the  different  levels  of  the  gray  substance  of  the  cord. 

Extrinsic. — These  fibers  in  the  gray  matter  proceed  to  the  gan- 
glia of  the  brain  after  having  traversed  the  medulla  oblongata,  pus 
and  crura.  They  unite  the  cells  of  the  gray  substance  of  the  spinal 
cord  to  the  upper  nerve-centers.  They  are  long  and  gradually 
diminish  in  number  from  the  top  to  the  bottom  of  the  cord. 

Degeneration  occupies  their  whole  extent.  Some  are  centri^kl 
and  undergo  an  ascending  degeneration.  They  are  contained  in  the 
column  of  Goll,  the  direct  cerebellar  bundle,  and  Gowers's  tract. 
The  others  are  centrifugal  fibers,  and  undergo  a  descending  degen- 
eration. They  are  localized  in  the  crossed  pyramidal  and  bundle  of 
Tiirck.     They  are  the  last  ones  to  appear  in  the  foetus. 

The  roots  of  the  nerves  arrive  at  the  central  gray  substance  and 
plunge  into  it  after  having  passed  between  the  fibers  of  the  peri- 
pheral white  su])stance.  But  few  of  them  take  part  in  the  constitu- 
tion of  the  cortical  white  matter. 

Neuroglia. — In  addition  to  the  fibers  just  discussed  the  white 
matter  of  the  cord  contains  neuroglia.  From  the  neuroglia  project 
extremely  fine  prolongations.  These  penetrate  the  cord  to  form 
within  its  thickness  an  infinity  of  partitions  of  extreme  thinm»>s. 
These  are  united  to  the  adventitious  tissue  of  the  vessels  and  to  the 
tissue  which  serves  as  a  basement  membrane  to  the  epithelium  of 
the  ependyma.  Thus  there  is  formed  (on  transverse  section)  a  poly- 
gonal network  which  isolates  little  colonies  of  nerve-elements  one 
from  the  other.  This  sort  of  framework  has  been  compared  to  a 
sponge  in  whose  interstices  are  found  the  fibers  and  cells  of  the  cord. 

Neuroglia  does  not  belong  to  the  category  of  connective  tissues. 
It  is  a  special  formation  which  is  derived  from  the  primitive  epihlast 
In  the  central  gray  substance  the  neuroglia  does  not  seem  to  be  any 
more  than  amorphous  matter  with  some  few  cellular  elements.  The 
gelatinous  substance  of  Rolando  is  composed  of  abundant  neuroglia 
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in  the  form  of  amorphous  matter.  The  only  connective  tissue  pres- 
ent in  the  cord  is  carried  in  by  the  blood-vessels. 

Gray  Matter  of  the  Cord. — The  gray  substance  of  the  cord 
is  composed  of  neuroglia,  fibrils,  and  nerve-cells. 

The  cells  of  the  cord  are  fonried  by  a  small  mass  of  protoplasm 
in  which  is  plunged  a  nucleus  surrounded  by  pigment-granules. 
These  cells,  whose  volume  varies  with  the  groups,  have  a  certain 
number  of  prolongations. 

Cell-arrangement. — The  cells  of  the  cord  are  not  disseminated 
in  the  gray  substance  in  a  disorderly  way.  They  are  grouped  at  cer- 
tain points  to  form  nuclei — nuclei  of  nerves;  these  are  situated  one 
above  the  other  in  a  fashion  to  form  columns  parallel  with  the  long 
axis  of  the  cord. 

There  are  distirguished  three  groups  in  the  anterior  horns:  an 
interior  internal  group,  an  anterior  external  group,  and  a  posterior 
external  group. 

In  the  posterior  horns  the  cells  are  fewer  in  number;  it  is  only 
at  the  interaal  part  of  the  neck  of  these  horns  that  there  is  found  a 
groupirg.  It  is  known  as  the  dorsal  nucleus  of  Stilling  or  the  vesi- 
cular column  of  Clarke. 

The  ganglionic  cells  of  the  anterior  horns  are  very  large,  star- 
shaped,  and  from  Va.o  to  V200  i^ch  in  diameter.  That  is,  they  are 
nearly  large  enough  to  be  visible  to  the  naked  eye. 

Degeneration. — The  nuclei  of  origin  of  the  anterior  roots  are 
seized  with  degeneration  in  the  various  forms  of  muscular  atrophy. 
The  cells,  by  reason  of  their  function,  are  known  as  m>otor  cells.  They 
are  motors  for  the  muscles  to  which  their  nerves  go,  and  trophic  for 
the  same  nerves  and  muscles.  Progressive  muscular  atrophy  is  ana- 
tomically characterized  by  a  general  atrophy  of  the  motor  cells  of  the 
anterior  horns  of  the  cord.  Children's  palsy  is  also  characterized  by 
atrophy  of  these  colls. 

The  cells  of  the  posterior  horns,  irregularly  distributed  in  the 
neuroglia,  are  fewer  in  number  and  smaller  in  size  than  are  those  of 
the  anterior  horns.    Their  diameters  average  about  V1200  i^ch. 

Anatomically,  the  column  of  Clarke  exists  only  from  the  second 
lumbar  to  the  eighth  dorsal  pair  of  nerves.  However,  there  are  small, 
erratic  groups  of  cells  and  two  restiform  nuclei  at  the  level  of  the 
medulla  which  are  analogous  to  the  two  columns  of  Clarke.  The  cells 
of  the  column  of  Clarke  are  very  large,  star-shaped,  and  only  very 
meagerly  branched. 

The  intcrmcdio-latcral  gray  column  is  in  the  outermost  portion  of 
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gray  matter,  midway  between  the  anterior  and  posterior  hornB.  It 
lies  in  what  is  known  as  the  lateral  horn.  It  is  the  spinal  origin  d 
the  great  sympathetic.  A  part  of  the  posterior  root-fibers  are  gaid 
to  end  in  these  columns.  From  this  as  a  source  fibers  pass  into  the 
column  of  Goll  and  the  direct  cerebellar  tract ;  others  pass  into  the 
columns  of  Burdach  and  Cowers. 

To  the  degenerative  changes  within  the  cells  of  the  column  of 
Clarke  have  been  attributed  the  vasomotor  troubles  of  paralysis  agi- 
tans.  Sclerosis  of  the  lateral  columns  explains  the  exaggerated 
trembling  in  the  reflexes. 

The  fibers  of  the  cells  of  the  gray  matter  form  a  spon^ry  sub- 
stance which  unites  the  two  halves  of  the  gray  axis  of  the  cord  to  one 
another.  This,  the  gray  commissure,  passes  in  front  of  and  behind 
the  central  canal  of  the  cord. 

Neuroglia. — The  neuroglia  of  the  gray  matter  has  a  structure 
analogous  to  that  of  the  neuroglia  of  the  white  substance  of  the  cord. 
It  is  found  in  particular  abundance  at  the  extremity  of  the  posterior 
horns  (gelatinous  substance  of  Rolando)  and  at  the  periphery  of  the 
central  canal. 

The  Central  Canal, — This  is  a  canal  of  very  fine  caliber  located 
within  the  center  of  the  gray  commissure.  It  transverses  the  entire 
length  of  the  cord,  and,  at  the  level  of  the  nib  of  the  calamus  scrip- 
torius,  is  continuous  with  the  fourth  ventricle;  by  means  of  the  latter 
it  communicates  with  the  ventricles  of  the  brain. 

The  wall  of  this  canal,  known  as  the  ependyma,  is  composed— 
from  within  outward — of:  (1)  a  ciliated  epithelium,  (2)  an  amor- 
phous basal  membrane,  and  (3)  a  substratum  of  neuroglia  which 
unites  the  wall  of  the  canal  to  the  body  of  the  cord.  The  canal  is 
flanked  on  each  side  by  a  longitudinal  vein;  the  two  constitute  the 
central  veins, 

Systemization  in  the  Spinal  Cord. — The  spinal  cord  may  be  con- 
sidered as  formed  of  a  scries  of  segments  superposed.  They  are 
metamcrcs  corresponding  to  each  pair  of  spinal  nerves.  Each  one  of 
these  is  a  complete  center,  being  supplied  with  nerve-cells  and  motor 
and  sensory  nerves.  Each  one  is  different  from'  its  neighbor,  since  it 
innervates  a  particular  area  of  the  surface  of  the  body,  whether  it  be 
tactile  surface  or  muscular  group. 

The  nerve-colls  are  grouped  in  motor  and  sensory  fie'ds.  They 
are  all  in  perfect  communication  with  one  another  by  reason  of 
numerous  fibers;  some  are  longitudinal  (longitudinal  commissures) 
which  unite  the  various  levels  of  the  cord;    others  are  transrerae 
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{^transverse  commissures)  whose  function  seems  to  be  to  unite  the 
cells  of  the  right  side  to  those  of  the  left  side  of  each  segment  The 
transverse  commissures  are  but  from  one  to  three  centimeters  in 
extent. 

In  addition  to  the  spinal  commissures  just  mentioned  there  are 
two  other  kinds  formed  by  the  long  fibers  uniting  the  spinal  cord 
either  to  the  cerebrum  or  cerebellum.  They  are  known  as  the 
cerebrospinal  and  cerebellospinal  fibers. 

Experimental  physiology,  pathological  anatomy,  and  embryology 
all  agree  very  admirably  in  demonstrating  that  the  apparently  homo- 
geneous cord  is  composed  of  distinct  and  specialized  parts.  These 
parts  are  called  systems,  which,  in  the  white  substance,  form  sec- 
ondary columns,  or  bundles. 

White  Columns  of  the  Cord. 

Flechsig  ascertained  that  in  the  fcetus  the  different  bundles  of 
nerve-fibers  did  not  all  take  on  myelin  layers  at  the  same  time.  By 
taking  advantage  of  this  fact  he  was  able  to  trace  the  bundles  of  fibers 
with  myelin  and  thus  map  out  the  different  tracts  of  the  spinal  cord 
and  brain.  Gudden  extirpated  an  organ  of  sense  and  after  waiting 
a  sufilicient  length  of  time  was  able  to  trace  the  course  of  the  atro- 
phied nerve-fibers. 

The  nerve-fibers  of  the  cord  enveloping  the  central  gray  axis  are 
distributed  in  different  bundles  or  columns.  These  have  previously 
been  mentioned  cursorily,  but  will  now  be  discussed  in  detail. 

Anterior  Column. — The  anterior  column  comprises  that  area  be- 
tween the  anterior  median  groove  and  the  line  of  implantation  of  the 
anterior  roots  of  the  spinal  nerves.  Its  most  internal  fibers  are  com- 
missural ;  they  cross  throughout  the  whole  extent  of  the  cord  and  so 
contribute  in  the  formation  of  the#^hite  commissure.  Other  fibers 
run  across  at  the  same  level  to  connect  the  large  cells  of  the  anterior 
horns  of  the  two  halves  of  the  spinal  cord. 

The  anterior  column  comprehends  two  bundles:  one,  internal 
(next  to  the  median  groove),  is  known  as  Tiirck's  bundle,  or  direct 
pyramidal  bundle;  the  other,  external,  comprises  the  remainder  of 
the  anterior  column  and  is  known  as  the  root-bundle  of  the  anterior 
column,  or  aniero-lateral  ground-bundle. 

The  bundle  of  Tiirck  (pyramidal  bundle,  direct  cerebral,  direct 
motor)  is  formed  of  centrifugal  fibers  which  descend  from  the  brain 
into  the  cord  without  decussating  at  the  level  of  the  medulla  ob- 
longata.    Its  fibers  are  longitudinal  and  travel  along  and  through 
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of  the  posterior  roots.    It  is  formed  of  fibers  which  are  larger  on  the 
surface  and  much  finer  in  the  depths. 

This  column  comprises  f,ve  different  systems  of  bundles.  They 
are:  (1)  the  direct  cerebellar;  (2)  the  bundle  of  Gowers,  or  ascend- 
ing  antero'lateral'cerebellar  tract;  (3)  the  crossed  pyramidal  tract; 
(4)  vestibulO'Spinal  tract;    (5)  deep  lateral,  or  lateral  marginal,  zone. 

The  direct  cerebellar  bundle,  or  tract,  is  situated  at  the  posterior 
and  superficial  part  of  the  lateral  column  in  the  form  of  a  very  thin 
band.  It  extends  from  the  second  lumbar  upward  to  the  restiform 
bodies,  into  the  vermis  of  the  cerebellum.  It  is  formed  of  a  collec- 
tion of  centripetal  fibers  which  unite  the  cerebellum  to  different 
levels  of  the  ve.-icular  column  of  Clarke.  It  develops  ascending  de- 
generation. About  the  cells  of  Clarke  arborize  the  collaterals  of  the 
posterior  root  so  that  there  is  an  indirect  communication  between  the 
posterior  roots  and  the  cerebellum. 

The  bundle  of  Oowers,  or  ascending  antero-lateral  tract,  occupies 
the  anterior  superficial  zone  of  the  lateral  column.  This  bundle  com- 
mences at  its  inferior  part  in  the  lumbar  swelling,  increasing  in  size 
as  it  ascends  by  two  orders  of  roots,  Fome  fine,  others  large.  It  termi- 
nates by  its  fine  fibers  in  the  lateral  nucleus  of  the  medulla;  by  its 
larger  fibers  in  the  cerebellum  by  way  of  the  superior  peduncle.  This 
tract  undergoes  ascending  degeneration. 

The  crossed  pyramidal  tract  (motor  tract  or  cerebral  crossed 
tract)  is  situated  inside  the  cerebellar  tract.  The  term  has  been 
applied  to  that  which  is  contained  within  the  pyramids  of  the 
medulla,  and  w^hich  decussates  at  this  level  with  the  opposite  tract. 
It  decreases  in  vo'ume  from  above  downward  to  terminate  in  from 
the  second  to  the  fourth  lumbar  pair. 

It  is  cpriipofjed  of  long,  centrifugal  fibers  which  unite  the  motor 
regions  of  the  cortex  of  the  brain  with  the  motor  cells  of  the  anterior 
horns  of  the  cord..  It  undergoes  descending  degeneration  as  the  re- 
sult of  lesions  which  seize  the  cortex,  internal  capsule,  or  cerebral 
peduncle. 

A  lesion  of  the  pyramidal  tract  in  the  cord  produces  monoplegia 
below  the  lesion  and  on  the  same  side.  Its  degeneration,  as  a  result 
of  lesion  of  the  brain,  gives  place  to  a  crossed  hemiplegia,  whose 
clinical  mark  is  a  spasmodic  contracture. 

It  is  well  to  remember  that  there  is  a  double  decussation  of  the 
motor  fibers:  one  at  the  level  of  the  neck  of  the  medulla  oblongata, 
the  other  much  lower — the  length  of  the  white  commissure.  From 
this  the  student  can  comprehend  why  in  the  majority  of  hemiplegias 
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the  non-paralyzed  member  has,  nevertheless,  lost  its  muscular  energy; 
also  why  a  unilateral  cerebral  lesion  is  able  to  cause  permanent  con- 
tracture of  the  two  inferior  members  or  an  Exaggeration  of  the  re- 
flexes of  the  side  not  paralyzed. 

The  vestibulo-spinal  tract  rims  from  the  vestibular  nuclei^ 
which  contains  Deiters's  nucleus,  and  descends  in  the  antero-lateral 
columns,  arborizing  about  the  anterior  horns.  This  tract  is  connected 
with  the  nucleus  fastigii  of  the  cerebellum. 

The  deep  lateral  tracts,  lateral  mixed  tract,  or  lateral  marginal 
zone,  is  molded  upon  the  lateral  concavity  of  the  gray  matter.  It 
incloses  at  the  same  time  the  fibers  coming  from  the  anterior  motor 
horns,  the  gray  column  of  Clarke,  and  the  gray  intermedio-lateral 
column. 

The  lateral  ground-bundle  is  continued  in  the  posterior  longi- 
tudinal bundle  and  ends  in  the  posterior  corpora  quadrigemina. 
The  posterior  longitudinal  bundle  puts  the  sensory  bulbar  nuclei  and 
the  tubercula  quadrigemina  in  communication  with  the  nuclei  of  the 
motor  nerves  of  the  eyes  and  the  motor  nerves  of  the  trunk. 

Posterior  Colunms. — The  posterior  coliunns  comprise  that  area 
of  the  spinal  cord  lying  between  the  postero-lateral  groove  and  the 
posterior  median  groove.  It  is  composed  of  fine  fibers  in  that  por- 
tion nearest  the  median  groove,  and  is  remarkable  for  its  abundance 
of  neuroglia. 

This  large  tract  is  divided  into  two  tracts:  one  internal^  the 
other  external. 

The  internal  one,  or  column  of  GoU,  is  especially  apparent  in 
the  upper  part  of  the  cord.     Here  it  occurs  in  the  form  of  a  trian* 
gular  pyramid  whose  base  is  turned  toward  the  central  gray  com- 
missure.    It  is  formed  by  long  commissural  fibers  which  arch  so  a? 
to  unite  the  posterior  horns.     It  proceeds  from  the  level  of  one  pos- 
terior horn  to  that  of  a  higher  level.     It  incloses  .the  posterior  root- 
fibers  which  compose  the  major  portion  of  it.     The  fibers  of  Goll  are 
very  long,  ascending  from   the  cauda  equina  to   GoU's  or  gracilis 
nucleus  of  this  tract  in  the  medulla.     Its  trophic  centers  are  in  the 
cells  of  the  ganglion  of  the  posterior  root. 

The  more  external  and  cuneiform  tract,  column  of  Burdach,  con- 
tains short,  commissural,  longitudinal  fibers  w^hich  have  the  same  dis- 
tribution as  those  of  Goll,  and  sensory  fibers,  which  also  spring  from 
the  posterior  horns,  but  do  not  sojourn  there.  Almost  immediately 
they  pass  into  the  mixed  lateral  column  of  the  same  side,  or,  travers- 
ing the  commissure,  cross  into  the  opposite  tract.     At  the  level  of 
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the  medulla  oblongata  those  fibers  go  to  form  the  lemnistmg,  or  fillet, 
irhich  itself  terminatea  in  the  corpora  quadrigemina,  the  optic 
thalami,  and  the  Eensory  convolutions.  In  transverse  section  of  this 
colamn  tliere  is  ascending  degeneration. 

The  comma  tract  is  composed  of  a  few  fibers  in  the  column  of 
Burdach.  After  lesions  of  the  cord  they  undergo  descending  degen- 
eration. These  fibers  originate  from  the  descending  fibers  of  the 
posterior  roots. 


Fig.  23R. — Section  of  Spinal  Cord,  Showing  the  Leaa  Well-knotm  Tracts. 
1,  ComniB  IruL     I,  Lluauer'8  tract.    3.  Honakow'a  preprramldal  or  rnbro- 


or  horn.      5,    Sul«- 

margliial  tract  from  corpora  quafl.     S,   Anlortor  i 

narglnal  b 

.uadl«  from  nucleni 

taillBll.    7.  Hc1veg-a  biiadle  from  oIItbit  body. 

8.  Anterlo. 

■  root,     10.  Poalerlor 

root.    9.  OtbI  bundle.    11,  Septo- marginal. 

The  posterior  columns,  and  particularly  the  columns  of  Burdach, 
are  the  seat  of  the  Bclcrosis  known  as  tabes  dorsalis,  or  locomotor 
ataxia.  Clinically  this  disense  is  characterized  by  progressive  aboli- 
tion of  co-ordination,  loss  of  equilibrium,  paralysis  of  eye-muscles, 
loss  of  tendon  reflexes,  etc. 

Tracti  of  Littaner. — About  the  entrance  of  the  posterior  roots 
into  the  postero-lateral  groove  of  the  cord  are  found   two  small. 
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cuneiform  columns.  They  are  the  root-zones  of  Lissauer.  The  one 
is  internal,  the  other  external.  The  two  zones  are  fonned  by  the 
posterior  root-fibers  at  their  entrance  into  the  cord.  They  have  the 
same  properties  as  the  posterior  roots  and  undergo  ascending  degen- 
eration under  the  same  conditions  that  produce  it  in  the  latter. 

Degeneration. 

Descending  Degeneration. — The  crossed  pyramidal,  the  dirert 
pyramidal,  the  vestibulo-spinal,  the  comma  tract. 

Ascending  Degeneration. — (loll's,  Burdach's,  Ciowers'  (ascending 
antero-lateral  cerebellar),  direct  cerebellar,  Lissauer's  tract. 

Roots  of  Nerves. 

The  spinal  nerves,  thirty-one  pairs  in  number,  exist  throughout 
the  entire' length  of  the  cord. 

The  anterior  root-fibers  are  composed  of  large  nerve-tiil)os  which 
lose  themselves,  for  the  most  part,  in  the  ganglionic  cells  of  the 
anterior  horns  of  the  same  or  opposite  sides. 

The  posterior  root-fibers  are  composed  of  fine  tubes.  After  hav- 
ing arisen  in  the  intervertebral  ganglia  the}''  go  toward  the  posten>- 
lateral  groove,  where  they  enter  the  cord.  There  are  here  two  groujhi 
of  fibers:   one  external,  the  other  internal. 

'J'h(»  external  root-fibers  penetrate  into  the  gelatinous  sulistamo 
of  Rolando,  where  they  become  ascending.  After  a  more  or  le>s 
lengthy  course  they  i)ass  into  the  ganglionic  cells  of  the  posterior 
horn. 

The  internal  root-fibers,  which  pass  into  the  posterior  cohinin. 
become  lost  either  in  the  cells  of  the  posterior  horn  or  in  the  vesi- 
cular column  of  Clarke.  Some  very  long  fibers  ascend  to  the  nuclei 
of  CioU  and  Burdach  in  the  medulla,  where  thev  terminate. 

Some  of  the  fibers  traverse  the  posterior  commissure  to  pass 
either  into  the  anterior  horn  of  the  opposite  side  (and  act  in  reflex 
motor  actions)  or  into  the  posterior  horn  or  descend  in  the  cord  as 
fibers  of  the  comma  tract. 

Commissures  of  the  Cord. 

The  irhite,  anterior  rommissvre  is  formed  by  a  body  of  fiberii 
which  decussate  upon  the  median  line  to  pass  into  the  lateral  half 
of  the  cord  opposite  to  that  from  which  they  came.  It  forms  the 
major  portion  of  the  fibers  of  the  direct  pyramidal  tract.     This  tract 
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Anteriob  Pyramids. — On  each  side  of  the  median  groove  are 
located  two  white  columns,  which  are  slightly  swollen  at  their  upper 
ends  and  have  the  appearance  of  clubs.  These  columns  are  the 
anterior  pyramids, 

Olives. — Just  outside  of  the  upper  portion  of  the  pyramids  are 
two  prominent,  oval  masses  whose  longer  axes  are  vertical.  These 
bodies  measure  about  one-half  inch  in  length  and  one-fourth  in 
breadth.  They  are  the  inferior  olives.  They  are  prominences  added 
to  the  medulla,  and  do  not  have  any  similar  portions  in  the  spinal 
cord.  The  olives  are  separated  from  the  pyramid  in  front  by  a 
groove;  in  this  latter  is  embodied  the  continuation  of  the  false 
antero-lateral  groove.  In  it  is  found  the  apparent  origin  of  the 
hypoglossal  nerve.  Behind,  the  olives  are  separated  from  the  resti- 
f orm  bodies  by  another  groove :  a  continuation  of  the  postero-lateral 
groove  of  the  spinal  cord.  From  it  emerge  the  glosso-pharyngeal, 
the  vagus,  and  the  spinal  accessory.  At  their  lower  edge  these 
grooves  are  somewhat  effaced  by  the  white  arcuate  fibers  of  the  olive ; 
these  latter  ascend  in  the  restiform  bodies. 

Bestiform  Body. — Back  of  the  postero-lateral  groove  of  the 
medulla,  and  therefore  on  its  posterior  surface,  is  found  a  large 
column  of  white  substance:  the  restiform  body.  It  seems  to  be  con- 
tinuous below  with  the  posterior  columns  of  the  cord;  above  with 
the  inferior  peduncle  of  the  cerebellum.  These  columns  form  part 
of  the  anterior  as  well  as  lateral  aspects  of  this  organ. 

Posteriorly  it  is  seen  that  the  inferior  third  of  the  medulla  is 
very  different  from  the  upper  two-thirds.  The  inferior  third  is 
similar  to  the  cord  in  that  it  possesses  a  posterior  median  groove 
continuous  with  that  of  the  cord;  on  each  side  of  it  are  two  white 
colunms.  They  are  continuations  of  the  posterior  columns  of  the 
cord. 

At  the  base  of  the  groove  is  found  the  gray  commissure. 

In  the  upper  two-thirds  of  the  medulla  this  form  is  much 
changed.  Here  the  posterior  columns  take  the  name  of  restiform 
bodies,  or  inferior  peduncles  of  the  cerebellum.  Instead  of  pursuing 
a  parallel  course,  they  diverge  from  one  another  in  such  a  manner 
as  to  leave  between  them  at  their  upper  end  a  V-shaped  surface. 
The  surface  included  within  this  angular  space  comprises  gray  mat- 
ter. It  forms  the  lower  half  of  the  floor  of  the  fourth  ventricle. 
The  upper,  angular  portion  is  formed  by  the  posterior  face  of  the 
pons. 

The  beginning  of  divergence  of  the  restiform  bodies  presents 

40 
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azi appearance  analogouB  to  that  of  a  writing  pen;  hence  its  name: 
cakmM  acriptorius.  The  space  between  the  reatiform  bodies  pre- 
sents a  median  groove.  Above  it  passes  over  the  posterior  face  of 
the  pons;  below  it  is  arrested  by  the  point  of  divergence  of  the  resti- 
fonn  bodies.  This  is  known  as  tlie  groove  of  tlie  calamus  scriptorivs. 
Pjom  each  side  of  this  groove  there  proceed  white  transverse  fibers 
^hose  direction  is  at  right  angles  to  that  of  the  groove.  They  are 
;nown  as  the  barbte  of  the  calamvs,  or  auditory  striw.  These  fibers 
*e  the  posterior  rootB  of  the  auditory  nerve. 


Fig.  242. — Diagrammatif  Transverse  tSection  of  the  Spinal  Bulb  X  3, 
at  nlHiiit  Hie  middle  of  the  olivaiy  body,  to  illustrate  the  principal 
nuclei  and  tracts  at  that  level.     (Walleb,  after  Scuwalbg.) 

1,  Nucleus  cunealuB,  1,  Nucleus  gmcllls,  3.  Vagus  nuclei.  A,  Hn»glo>BSl 
nucleus.  G.  Funiculus  teres,  t.  Funiculus  sclltarlus.  T,  Funiculus  gracilis. 
S.  Funiculus  oansBtus.  >.  RcBllform  tract.  10.  Substantia  gclat,  Ra.  11,  Spinal 
root  of  flttb  nerve.  12,  An tera- lateral  nucleus.  13,  Olivary  bodj,  14,  Anlvrlor 
PTramtd. 

The  rostiform  bodies,  which  seem  to  form  the  limits  of  tho  floor 
r>f  the  fourth  ventricle  on  each  side  of  the  calamus  scriptoriuB,  come 
lip  from  the  posterior  columns  of  the  cord.  They  ascend  upward 
md  outward  toward  the  cerobellum. 

The  columns  of  Coll  and  Burdnch  of  the  spinal  cord  as  the}' 
enter  the  lower  portion  of  the  posterior  ni^poct  of  the  medulla  seem 
to  be  divided  into  several  distinct  tracts.  Bordering  upon  the  pos- 
terior median  fissure  ia  the  column  of  (loll.  As  the  tract  approaches 
the  fourth  ventricle  it  broadens  out  to  form  the  c.vpansion  known  as 
the  clava.  The  two  clavre  diverge  to  form  the  nib  of  the  calamus 
BcriptoriuR. 
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Internal  Structnre  of  the  Medulla. — The  medulla  oblongata,  like 
the  spinal  cord,  is  formed  of  nerve-cells,  nerve-fibers,  and  a  mesh- 
work  of  neuroglia.  As  it  is  a  continuation  of  the  cord,  one  ought 
to  find  the  white  columns  and  central  axis  conmion  to  the  spinal 
cord.  As  a  matter  of  fact,  the  constituent  elements  of  the  cord  are 
found  in  the  medulla,  but  their  position  is  changed  very  much.  The 
cells  forming  the  nuclei  of  nerves  are  analogous  to  those  of  the  cord, 
but  are  more  isolated.  They  also  give  exit  to  fibrils  which  unite 
them  to  other  cells  in  the  opposite  half  of  the  medulla  and  in  the 
brain  proper,  and  to  nerves  of  which  they  are  the  seat  of  origin.  In 
the  medulla  the  grouping  of  these  nuclei  is  quite  different  to  that 
found  in  the  spinal  cord.  However,  it  is  always  the  same  central 
gray  substance,  but  modified  in  its  form  and  arrangement.  The 
gray  matter  is  cut  here  and  there  by  white  columns  and  their  frag- 
ments. 

To  understand  this  new  disposition  of  the  gray  matter  it  is 
necessary  to  recall  that  at  the  level  of  the  medulla  the  central  gray 
substance  of  the  cord  has  been  pushed  backward  by  reason  of  sev- 
eral factors.  These  are:  the  separation  of  the  rcstifonn  bodies,  the 
passage  outward  of  the  posterior  columns,  and  the  formation  of  the 
rhomboid  sinus.  The  latter  is  so  arranged  as  to  form  the  floor  of 
the  fourth  ventricle.  The  posterior  horns  have  become  separated 
and  are  so  rotated  upon  themselves  as  to  be  thrown  outward  and 
thus  placed  at  the  external  part  of  the  fourth  ventricle.  The 
anterior  comua  have  their  bases  placed  upon  the  floor  of  the  fourth 
ventricle  on  each  side  of  the  median  raphe. 

The  isolated  horn  of  gray  matter  is  afterward  known  as  the 
nucleus  lateralis. 

Further,  the  crossed  pyramidal  tracts  of  fibers  are  carried  for- 
ward, outward,  and  upward.  By  the  oblique  passage  of  these  numer- 
ous white  fibers  through  the  gray  matter  of  the  anterior  horn  the 
anterior  horn  is  broken  up  so  that  the  caput  is  entirely  separated 
from  the  remainder  of  the  gray  matter.  The  fibers  in  passing 
through  the  base  of  the  anterior  horns  to  decussate  upon  the  median 
line  with  those  of  the  opposite  side  give  rise  to  the  reticulated  for- 
mation of  Deiters  and  to  the  raphe  of  Stilling. 

FoRMATio  Reticularis. — The  formatio  reticularis,  is  an  asso- 
ciated system  of  the  short  fibers  with  nerve-cells  and  is  met  with 
at  any  point  between  the  spinal  cord  and  the  optic  thalamus.  These 
fibers  run  at  right  angles  to  one  another.  It  is  the  result  of  the 
decussation  of  the  crossed  pyramidal  and  arciform  fibers  which,  in 
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themselves  outward  and  backward  for  a  little  distance,  then  bend 
inward  to  pursue  a  parallel  course  again.  By  this  course  there  is 
formed  a  sort  of  elliptical  buttonhole  which  is  inclined  obliquely  from 
bottom  to  top.  Traversing  this  buttonhole  are  found  the  crossed 
pyramid^  bundles;  both  are  carried  toward  the  median  line,  where 
they  decussate  with  the  opposite  side  to  produce  the  pyramidal  decus- 
sation. Thus,  the  two  principal  bundles  of  the  anterior  columns 
have  become  posterior  in  the  medulla,  where  they  are  placed  in  tlie 
deepest  part  of  the  pyramids. 

Lateral  Columns.  —  The  crossed  pyramidal  bundle  in  the 
medulla  bends  toward  the  median  line.  Here  it  meets  its  fellow 
of  the  opposite  side,  with  which  it  decussates  in  the  manner  of  a 
twist  to  arrive  in  the  opposite  side  of  the  medulla.  At  this  level,  in 
the  same  pyramid  of  the  medulla,  there  exist  side  by  side  the  direct 
pyramidal  column  of  the  same  side  of  the  cord  and  the  crossed  pyra- 
midal bundle  of  the  opposite  side.  These  two  bundles  now  fonn  one 
and  the  same  group  of  nerve-fibers.  This  type  of  fibers  forms  the 
pyramidal,  or  cerebral  motor,  tract.  Along  this  course  descend 
motor  messages  to  the  voluntary  mut-cles  from  the  brain  to  the 
anterior  horns  of  the  cord,  and  then  along  axis-cylinders  to  the 
motor  plates  in  muscles. 

An  act  incited  by  an  impulse  traveling  along  this  course  is 
always  crossed,  since  the  left  hemisphere  of  the  brain,  for  example, 
carries  the  order  of  motor  power  to  the  right  half  of  the  spinal  cord 
by  the  crossed  pyramidal  fibers  and  to  the  left  half  of  the  spinal 
cord  by  the  direct  pyramidal  tract.  The  latter  tract  decussates 
throughout  the  length  of  the  cord  with  its  fellow  of  the  opposite 
side.  Thus,  the  result  is  that  the  decussation  is  total  for  the  pyra- 
midal tract  in  its  complete  action,  and  that  all  of  the  voluntary  parts 
excited  from  some  part  of  the  cerebral  hemisphere  end  in  muscles 
of  the  opposite  side  of  the  body.  From  this  the  student  will  deduce 
that  lesions  which  affect  the  pyramidal  tract  above  the  medulla 
oblongata  have  as  their  direct  result  a  motor  paralysis  opposite  to 
the  lesion ;   in  other  words,  a  crossed  hemiplegia. 

Posterior  Columns.  —  The  columns  of  Goll  ascend  to  the 
medulla,  where  they  pass,  without  decussation,  into  the  postpyra- 
midal  nucleus,  or  nucleus  of  Goll.  By  this  nucleus  it  is  carried  into 
the  cerebellum,  following  part  of  the  restiform  body;  another  pArt 
is  placed  in  relation  with  the  nuclei  of  the  pons. 

The  column  of  Burdach  comprises  the  longitudinal  comraiBSural 
fibers,  the  root-fibers  of  the  posterior  roots,  and  the  sensory  fibers 
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issuing  from  the  column  of  Clarke.  The  root  and  commissural  fibers 
pass,  without  decussation,  into  the  cuneate  nucleus,  or  nucleus  of 
Burdach. 

Parts  added  to  the  medulla  oblongata,  which  are  not  found  in 
the  cord,  are:  arcuate  fibers  and  olives. 

Arcuate  fibers  are  the  curved  fibers  which  are  seen  in  transvenie 
section  of  the  medulla.  By  reason  of  their  position  they  have  Ixvn 
termed  superficial  and  deep,  or  external  and  internal. 

The  superficial  arcuate  fibers  form  a  more  or  less  voluminous 
ribbon.  They  are  fibers  which  come  from  the  cells  in  Goll's  and 
Burdach^s  nuclei.  They  proceed  to  the  restiform  body  of  the  same 
side  and  thence  to  the  cerebellum. 

The  internal  arcuate  fibers  likewise  proceed  from  the  cells  of  the 
nuclei  of  Goll  and  Burdach.  The  hindmost  fibers  form  the  senson 
decussation  of  the  fillet.  Other  fibers  cross  the  median  raphe  in 
the  substance  of  the  medulla,  then  to  pass  upward  into  the  brain. 

The  olivary  body  is  formed  by  a  portion  of  the  white  cortical 
substance  which  belongs  to  the  lateral  column,  and  by  the  corpu? 
dentatum,  a  layer  of  intervening  gray  matter  folded  upon  itself,  in 
such  a  manner  as  to  represent  an  oblong  purse.  This  is  open  at  its 
internal  aspect,  and  is  known  as  the  hilus  of  the  olive.  The  corpus 
dentatum  of  the  olive  is  formed  by  a  great  quantity  of  small,  multi- 
polar cells.  The  fibers  which  emanate  from  it  go  to  the  olive  of  the 
opposite  side,  traversing  the  raphe  or  mounting  toward  the  pons. 

Pons  Varolii. 

The  pons  is  a  mass  of  nervous  tissue  placed  transversely  and  in 
the  form  of  a  half-ring.  It  is  situated  between  the  medulla  oblon- 
gata and  cerebral  pcduncks,  which  limit  it  below  and  above,  resiHt- 
tively.  The  cerebellar  hemispheres  bound  it  laterally.  Its  weight 
is  sixteen  or  seventeen  grams. 

For  examination  microscopically  the  pons  presents  six  8urfaa\- 
or  faces. 

1.  The  anterior  face  is  free,  convex,  and  rounded,  and  rests  upon 
the  basilar  gutter  of  the  occipital  bone.  It  presents  an  antcro-pos- 
terior  median  depression:  the  basilar  groove.  On  each  side  of  this 
are  two  parallel  prominences  due  to  the  heaving  up  of  the  annul?!" 
fibers  by  reason  of  the  anterior  pyramids  which  pass  through  it. 

Upon  this  face  arc  seen  the  transverse  fibers  which  pass  laterally 
to  penetrate  into  the  corresponding  hemisphere  of  the  cerebellum. 
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Upon  the  median  line  it  has  a  groove  which  follows  that  of  the 
calamus  scriptorius.  Upon  each  side  there  exist  two  slight  depn* 
sions:    the  one  known  as  the  superior  fovea,  the  other  the  lucm 

« 

caruleiis. 

3.  A  superior  face. 

4.  The  inferior  face  is  continuous  with  the  base  of  the  meilulli 
oblongata.  The  annular  fibers  of  the  pons  embrace  as  a  half-circle 
the  anterior  pyramids  of  the  medulla  oblongata. 

The  two  lateral  faces  (5  and  G)  are  mingled  with  the  origin  of 
the  middle  cerebellar  peduncles.  The  peduncles  sink  into  the  hemi- 
spheres of  the  cerebellum,  where  they  are  lost. 

Structure  of  the  Pons. — The  pons  is  composed  of  nerve-fiijers 
and  scattered  nerve-cells.  It  forms  a  kind  of  knot  into  which  con- 
verge the  fibers  coming  from  the  cerebellum,  as  well  as  those  parsing 
to  and  fro  from  the  medulla  into  the  cerebral  peduncles. 

The  transverse  fibers  which  form  the  cortex  of  this  organ  go  in 
great  part  to  the  middle  cerebellar  peduncles.  They  are  the  com- 
missural fibers  which  unite  one  cerebellar  hemisphere  to  the  other. 

Some  fibers  emanate  from  the  middle  cerebral  peduncles  and 
decussate  on  the  median  line  with  those  of  the  opposite  side.  They 
thus  form  the  median  raphe.  They  terminate  in  the  gray  masses  of 
the  pons. 

Other  fibers,  having  decussated,  bend  upward  and  ascend  into 
the  cerebral  peduncles.  All  of  the  various  fibers — semi-annular, 
horizontal,  and  oblique — cover  in  the  longitudinal  fibers  which  unite 
the  medulla  oblongata  to  the  cerebral  peduncles.  In  them  various 
planes  are  formed:  (1)  there  is  a  superficial  plane,  or  stratum  znnolf, 
which  covers  the  two  pyramidal  columns;  (2)  the  stratum  profundum, 
which  separates  the  pyramids  from  the  fillet  and  upper  part  of  the 
pons;  (3)  the  third  plane,  stratum  complexium,  separates  the  cerebral 
tracts.  It  is  this  separation  which  gives  rise  to  the  forniatio 
reticularis  of  the  pons  and  is  continuous  with  the  formatio  reticu- 
laris of  the  medulla. 

Between  the  superior,  or  pontal,  olives  there  is  a  system  of  fibers 
which  envelops  and  covers  the  olivary  nuclei  to  decussate  upon  the 
median  line  back  of  ilie  pyramids.  It  is  to  this  system  of  fibers 
which  unite  the  nuclei  of  the  auditorv  nerves  and  the  olives  that 
Edinger  hr.s  given  the  name  of  trapezoid  body. 

The  hmijitudinal  fibers  are  in  three  groups:  1.  The  anterior 
bundle,  which  contains  the  middle  fibers  of  the  cerebral  peduncle, 
and  is  continuous  with  the  superficial  motor  fibers  of  the  anterior 
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j^ramids  of  the  medulla;  farther  down  it  is  Btill  in  connection  with 
the  pyramidal  tract  of  the  opposite  side  of  the  spinal  cord. 

2.  The  middle  column,  or  fillet. 

3.  The  third  group,  the  posterior  longitudinal  column,  passes 
along  the  floor  of  the  fourth  ventricle,  from  which  it  is  separated 
by  a  plane  of  transverse  fibers.  It  is  continuous  with  the  anterior 
column  of  the  cord  in  order  to  form  the  longitudinal  commissural 
column.     Some  of  the  fibers  of  this  bundle  decussate  with  their  fel- 

irp.  quad. 
Optic  craa. 


olive, 
iitui  bundle. 


Fig.  248. — Diagram  to  Illuntrute  ISciine  of  Ihc  Connectinna  of  tho  Niielci 
of  the  Nerves  to  the  Ocular  Muscles.     (STARi.iNr.,  after  Held.) 

lows  of  the  opposite  side  to  unite  among  themselves  the  nuclei  of 
the  motor  nerves  of  the  eye  and  the  gray  mass  of  the  aqueduct  of 
Sylvius. 

Each  bundle  is  separated  from  its  fellow  by  a  plane  of  trans- 
verse fibers:    the  strata  zonale  and  profundum. 

The  gray  substance  of  the  pons  is  found  isolated  in  small  islands 
(nuclei  of  the  pons),  which  arc  located  between  the  various  white 
layers  which  have  just  been  mentioned. 

One  of  these  nuclei,  the  most  voluminous  of  all,  is  situated  near 
the  median  raph6  at  the  site  of  the  junction  of  the  inferior  and 
middle  thirds  of  the  pons.     It  bears  the  name  of  reticulated  nucleus 
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of  the  poDB.  At  a  slightly  higher  level  is  found  another,  knovn  u 
the  central  nucleus.  To  these  two  nuclei  are  joined,  in  part,  tlie  root- 
hundlca  of  the  antero-lateral  column  of  the  cord. 

In  addition,  as  a  continuation  of  the  anterior  horns  of  the  cord, 
there  exists  a  nucleus  which  gives  origin  to  the  trigeminus.  Inwaid 
and  somewhat  to  the  front  is  found  a  gray  mass  composed  of  large 
multipolar  colls.  These  represent  the  caput  of  the  antelior  bom. 
It  forms  the  nucleus  of  origin  of  the  motor  root  of  the  trigcmini]£. 

Upon  each  side  of  the  raphe  and  very  close  to  the  surface  of 
the  floor  of  the  fourth  ventricle  arc  found  other  gray  nuclei,  se  of 
the  facial  and  abducent;   also  a  yellow  mass  of  an  S-shapc  which 


Fig.    247. — Diagrammatic    Transvprae    Section    ThrouRh    tlip    Pnn 
Ccrpbri  and  Anterior  Corpora  Quadrigemina.     (U'ali.eb,  after  Obeb- 

BTEl^iEB.) 


I.  Pulvlniir.  :.  Corpus  genie,  lat.  3,  Corpus  genie,  mcd.  4.  Corpon  quid, 
ant.  G.  Sylvion  nqueduel.  «.  Tegmentum.  T.  CruitB.  S.  Substantia  nigra,  t. 
Red  nusleuB.     10,  Third  ntrfc,    11.  Opile  tract  (divided). 

forms  (he  su|iorinr  nlivo  n(  the  pons.  Th's  latter  is  connected  with 
the  nuclilorv  iii>i)iirnlus.  The  gray  suhstance  of  the  medulU  is  pro- 
longed into  the  pons  to  form  the  origin  of  the  cranial  nerves. 

Cerebral  Peduncles. 

The  peduncles  of  the  brain  are  two  white  cords  which  eitend 
from  the  superior  face  of  the  pons  in  a  divergent  manner  up  into  the 
optic  tlialnmi.  They  are  somewhat  flnttened  from  top  to  base.  Thfir 
volume  is  in  direct  relation  to  that  of  the  brain.  The  peduncles 
are  much  larger  than  the  columns  of  the  cord  reunited;   they  con- 
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taia  fibers  coining  from  the  gray  matter  of  the  medulla,  pons,  cor- 
pora quadrigemina,  locus  nigor,  and  masses  of  gray  matter  lying  in 
a  line  along  the  aqueduct  of  Sylvius.  In  length  the  peduncles  meas- 
ure about  three-fourths  of  an  inch. 

Immediately  after  their  emergence  from  the  pons  they  separate, 
each  one  making  its  way  toward  its  corresponding  hemisphere  of  the 
cerebrum.  Between  them  there  remains  a  triangular  space,  the 
inUrptduncular  space,  filled  in  its  back  part  by  a  cribriform  white 
layer  containing  a  great  numl>or  of  vascular  openings.  The  latter 
is  known  as  the  ponitrior  perforated  space.    This  space,  bounded  in 


Fig.  248. — Reciion  of  the  Crus  Cerebri.     (Mobat.) 

le  cnista  la  ■rpnrBtd]  from  Ihc  trcmi'iilDin  by  tbc  locua  Dicor. 


1.    Aqui'. 

lucl.     Z 

.   Corporn  quad.     X  Vpn 

LorUB  Dlgvr 

,    «.  Cn 

jstn.    7,  Furrow  for  ihp 

pMterlor. 

front  by  the  optic  chiasm,  is  occupied  by  the  mammillary  eminences 
and  tuber  cinercum. 

Texture  of  the  Fednndei. — A  transverse  section  of  the  cerebral 
peduncles  gives  an  idea  of  tlie  architecture  of  the  large  nerve-trunks. 
In  a  cut  of  this  kind  it  is  swn  tliiit  Ihc  peduncles  are  separated  into 
fro  vliite,  itiiperpospJ  layers  by  a  black  line:   the  locus  niger. 

The  inferior  level,  or  rriisia,  of  the  peduncle  is  formed  in  great 
part  by  a  large,  flat,  white  bundle  which  is  a  prolongation  of  the 
motor  fillers  extending  to  the  spinal  cord.  The  crusta  extends  from 
the  internal  capsule  Ihrough  the  pons  to  the  ventral  portion  of  the 
medulla  oblongata.  From  the  internal  capsule  its  fibers  become  lost 
in  the  cortical  layer  of  the  hemisphere  of  its  own  side. 

The  crusta  is  composed  of  two  bundles,  the  internal,  or  cortico- 
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porUaly  and  the  external,  or  voluntary  motor,  bundle.  The  cortico- 
pontal  bundle  acts  as  a  commissure  between  the  cerebrum  and  cere- 
bellum. It  passes  from  the  anterior  region  of  the  cerebrum  through 
the  peduncles  to  the  pons  and  medulla,  to  end  in  the  cerebellum. 
The  voluntary  motor  bundle  descends  from  the  motor  regions  of  the 
cortex  to  end  in  the  nuclei  of  origin  of  the  cranial  and  the  spinal 
nerves. 

Tegmentum. — The  superior  layer  of  the  cerebral  peduncle, 
known  as  the  tegmentum,  is  chiefly  the  formatio  reticularis  and 
fillet,  which  consists  of  masses  of  gray  matter  and  fibers  which  ex- 
tend through  the  posterior  end  of  the  medulla  oblongata,  pons,  and 
crura  up  to  the  optic  thalami.  At  the  height  of  the  corpora  quad- 
rigemina  is  a  reddish  column  formed  of  multipolar  cells.  It  is  the 
red  nucleus  of  the  tegmentum. 

The  Locus  Niger,  which  separates  the  pes,  or  crusta,  from  the 
tegmentum,  consists  of  highly  pigmented  cells.  They  are  like  the 
cells  of  the  motor  regions  of  the  cortex.  Thus,  the  locus  niger  might 
be  considered  as  a  sort  of  motor  ganglion  whose  cells  are  charged 
with  black  pigment. 

The  Fourth  Ventricle. 

The  fourth  ventricle  is  a  rhomboid  cavity  (sinus  rhomboidalL*) 
imbedded  upon  the  posterior  surface  of  the  medulla  oblongata  and 
pons.  It  is  the  space  into  which  the  central  canal  of  the  cord  opens 
out  superiorly.  It  is  flattened  from  top  to  base;  and  has  an  inferior 
wall,  or  floor;   a  superior  wall,  or  vault;   and  four  angles. 

Floor  of  the  Ventricle. — The  floor  of  the  fourth  ventricle  is 
lozenge-shaped,  being  formed  by  two  triangles  placed  in  contiguity 
at  their  bases.  It  is  lined  by  a  layer  of  gray  matter,  which  is  but  a 
continuation  of  that  of  the  cord. 

The  inferior  triangle  (calamus  scriptorius)  belongs  to  the  pos- 
terior face  of  the  medulla;  the  superior  triangle  to  the  posterior 
face  of  the  pons. 

Upon  the  median  line  of  the  floor  there  is  a  slight  groove:  the 
handle  of  the  calamus.  On  each  side  of  this  groove  the  surface  of 
the  floor  presents  small,  rounded,  and  elongated  prominences.  These 
have  been  described  at  some  length  previously,  so  that  now  they  vill 
be  but  mentioned.  In  the  inferior  triangle,  from  the  handle  of  the 
calamus  to  the  restiform  body,  they  are:  (1)  trigonum  hjpoghssi: 
(2)  aJa  cinerea,  or  trigonum  vagi;    (3)  triqonum  acustiri. 

In  the  superior  triangle,  upon  each  side  of  the  median  groove 
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and  near  the  base  of  the  triangle,  are  seen  two  rounded  eminences: 
(1)  eminetUia  teres  and  (2)  the  loct^  cceruletis. 

The  various  eminences  correspond  to  the  origin  of  the  cranial 
nerves.  Thus,  in  the  locus  ca»ruleus  is  located  the  origin  of  the 
small  root  of  the  trigeminus;  in  the  teres  eminentia  the  common 
origin  of  the  facial  and  abducent;  in  the  trigonum  hypoglossi  is 
the  origin  of  the  hj'poglossal  nerve;  in  the  ala  cinerea,  or  trigonum 
vagi,  occurs  the  origin  of  the  motor  roots  of  the  glosso-pharyngeal 
nerves,  pneimiogastric,  and  spinal  accessory;  in  the  trigonum  acus- 
tici  are  found  the  fibers  of  the  auditory  and  the  sensory  fibers  of 
the  mixed  nerves,  glosso-pharyngeal,  vagus,  and  spinal  accessory. 
Tlie  trigonum  hypoglossi  corresponds  to  the  funiculus  teres;  the  ala 
cinerea  to  a  depression :   posterior  fovea. 

At  the  level  of  the  middle  of  the  floor  of  the  fourth  ventricle 
a  variable  number  of  stria)  go  out  from  the  median  groove  toward 
the  lateral  angles.  Here  they  converge  somewhat  and  form,  accord- 
ing to  some  authors,  the  posterior  root  of  the  auditory  nerve.  The 
striations  constitute  the  harhce  of  the  calamus. 

The  gray  matter  of  the  spinal  cord,  when  it  penetrates  into  the 
medulla,  exposes  itself  upon  the  floor  of  the  fourth  ventricle.  The 
horns  of  the  central  gray  column  of  the  cord  are  found  broken  up 
into  many  parts  by  the  decussation  of  the  pyramids  and  fillet.  By 
reason  of  this,  the  gray  matter  in  the  floor  of  the  ventricle  repre- 
sents four  irregular,  discontinuous  longitudinal  columns;  two  are 
central,  with  a  superficial  one  on  each  side.  These  columns  are  pro- 
duced by  the  bases  and  detached  heads  of  the  anterior  and  posterior 
horns  of  the  central  gray  column.  From  the  anterior  gray  matter 
proceed  motor  nerves;  from  the  posterior  gray  matter  spring  sen- 
sors' nerves. 

The  lateral  houndaries  of  the  ventricle  are,  in  the  lower  half, 
the  clavas  of  the  funiculi  graciles,.  the  cuneati,  and  the  restiform 
])odies.  In  its  upper  half  the  superior  peduncles  of  the  cerebellum 
form  the  limits. 

Aqueduct  of  Sylvius. 

The  aqueduct  of  Sylvius  is  a  canal  a  centimeter  and  a  half  long. 
It  is  hollowed  out  beneath  the  corpora  quadrigemina.  By  means  of 
this  aqueduct  the  fourth  ventricle  communicates  with  the  third.  It 
is  derived  from  the  middle  cerebral  vesicle.  Its  walls  are  formed 
above  by  the  valve  of  Vieussens,  the  corpora  quadrigemina,  and  the 
white,  posterior  commissure.     Its  base,  or  floor,  is  formed  by  the 
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tegmentum.  Its  floor  is  grooved  by  the  continuation  of  the  meilian 
groove  of  the  fourth  ventricle.  Its  walls  are  composed  of  gray  mat- 
ter continued  from  the  spinal  cord. 


Fillets. 


The  chief  fillet  consists  of  the  axis-cylinders  from  GoU'g  anil 
Burdach's  nuclei,  which  decussate  undejr  the  floor  of  the  fourth  vcn- 
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Fipf.  240.— Tlio  Mesial  Fillot,  Ending  Chiefly  in  tho  Wntral  NucIpiw 
of  tho  Oj)tic  Thalamus  and  tlicn  Initcd  by  Now  Xeiiraxon8  (l'pi*r 
Fillot)   to  Pariotal  Cortox. 


trirlo.  then  paj^s  up  through  the  tegmentum,  and  chiefly  end  in  tlu' 
ventral  nucleus  of  the  optic  thalamus.  From  new  neuraxons  it  ?<>*'^ 
through  the  ])ostorior  part  of  the  internal  capsule  to  the  ascending 
pariotal  convolutions.     ]t  is  a  continuation  of  the  sensory  tract. 

The  lateral  fillet  also  starts  from  the  nuclei  of  Goll  and  BunW 
and  is  chiefly  composed  of  axis  cylinders  from  the  end  nuclei  of  the 
auditory  nuclei  and  the  superior  olivary  body;    it  then  passes  into 
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the  posterior  corpora  (piadrigemina,  and  thence  by  means  of  the 
brachiuni  posterioris  of  the  corpora  quadrigemina  through  the  pos- 
terior limb  of  the  internal  capsule  to  the  first  and  ficcond  temporal 
convolutions.     It  is  made  up  mainly  of  auditory  fibers. 

THE  BRAIN. 

The  weight  of  the  brain  is  about  fifty  ounces. .  Bowever,  the 
weight  of  the  brain  may  be,  as  in  the  case  of  Cuvier,  sixty-five 
ounces.  It  is  greater  in  civilized  persons  than  in  savage  tribes;  it 
is  likewise  greater  in  the  male  than  in  the  female;  in  an  eminent 
man  than  in  an  ordinary  man.  But  what  really  shows  the  superiority 
of  the  brain  is  not  so  much  its  enormous  size  nor  the  exuberance  of 
its  convolutions,  but  the  well-balanced  development,  the  harmony, 
of  all  of  its  parts. 

External  Form. — The  brain  is  composed  of  two  symmetrical 
halves,  or  hemispheres.  These  are  nearly  entirely  separated  from  one 
another  by  the  great  longitiidinal  fissure.  The  parts  which  are  intact 
are  located  at  the  center  and  base  and  comprise  the  corpus  caUosun^ 
and  floor  of  the  fourth  ventricle.  The  surfaces  of  the  hemispheres 
are  separated  into  lobes  and  convolutions  by  various  fissures.  The 
convolutions  appear  to  be  inf oldings  of  the  gray  matter  of  the  brain 
within  its  rigid  confines,  the  cranial  vault.  The  mode  of  spreading 
of  the  fibers  of  the  peduncle  may  have  something  to  do  with  their 
conformation  also.  The  end  obtained  by  their  presence  is  to  lodge 
a  much  larger  gray  mass  within  a  given  space. 

There  are  five  principal  fissures  in  the  brain:  (1)  the  greai  longi- 
iudinnl;    (2)  the  great  transverse  fissure  between  the  cerebrum  and 


Sylvian.  N//.  p.  nsc.  Ascending  ramus  of  posterior  limb,  fi,  Superior  fronUl. 
fs.  Inferior  frontal.  U,  Middle  frontal,  ft.  Paramesial  frontal,  d,  Dlagontl. 
placed  in  this  instance  rather  low  down,  and  communicating  with  the  SylTlan. 
p.c.  inf.  Inferior  precentral.  p.c.i.  ant..  Its  anterior  ramus,  p.e.  aup.,  Superiof 
prccentral.  p.c.tii.  Mesial  precentral.  p.c.  fr.,  Transverse  precentral.  rtc.  tr.. 
Transverse  retro-central,  i.-p.  inf,  Intra-parietal,  pars  inferior  (inferior  post- 
central), i.-p.  8up.,  intraparietal,  pars  superior  (superior  postcentral).  L-jf. 
po*it.  A.  hor.,  Intraparietal.  pars  posterior  seu  horizontalis.  i.p.  pwt.,  Intra- 
parietal, pars  posterior  (paroccipital  of  Wilder),  i.-p.  pr.  anc..  An  ascending 
branch  of  the  intiaparietal.  p.-o.,  Parieto-occipltal.  occ.  ant..  Anterior  occipital. 
ocr.  lat..  Lateral  occipital,  rnlc.  Posterior  end  of  calcarine.  <i.  First  temporal 
or  parallel,  /i  asc.  Its  posterior  ascending  extremity,  detached,  it.  Second  tem- 
poral, fa  fif*c..  Its  posterior  ascending  extremity  Joined  to  and  apparently  con- 
tinuous with  the  first  temporal. 

Gyri— f,,  Fs,  F.,.  First,  aecond,  and  third  (superior,  middle,  and  inferior) 
frontal,  a.  Posterior  part  of  third  frontal.  6,  Middle  part  (pars  triangularis). 
r.  Orbital  part.  AF.,  Ascending  frontal.  A. P.,  Ascending  parietal.  Ti,  T*  f* 
First,  second,  and  third  temporal. 


Fig.  251. — Section  Tlirough  the  Cercbml  Cortex  at  a  MammaL 

(Kni:<OEB  and  Cajai_) 

1,  Sup«rflcl>l,  or  molHutar,  Urer.    2.  Layer  ol  amsll  prramldal  c«lti.    1. 

L>Ter  at  larse  pjmmldal  cells,    t,  Iiayir  ol  polymorpboui  cell*,    a.  A.  r.  Ou- 

(llDnlc  cella.     d,  Pusironu  crIU.     r,   Flbere.     /,  Pjrramldal  cell*,     t,  Uulllpolir 

cells. 
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1.  The  Bupcrfieial  layer. 

2.  The  layer  of  small  pyramidal  cells. 

3.  The  layer  of  lar^^e  pyramidal  cells. 

4.  The  layer  of  polymorphous  cells. 

The  first  layer  contains  the  cells  of  Cajal.  In  this  layer  termi- 
nate many  of  the  fibers  coming  from  the  spinal  cord,  medulla,  and 
cerebellum. 


The  counn  of  a  number  o[  corooal  flb«n  li  Indicated  by  1<d«:  Zur  BrUrkt, 
To  tbe  poDi.  Pirrnmldm  Fnarm.  PrraroldBl  Db«rt.  HaubeKtlraklting,  T'Rmental 
radiation.  Zh  dm  Opltcutceittren,  To  the  optlcua  eentera.  Haube,  Tegmenluin. 
PtmmtdmlireusuHg,  Piramldal  d«cueealloD, 

The  second  layer  contains  the  small  pyramidal  cells,  whose 
axons  run  into  the  superficial  layer. 

The  third  layer  contains  the  cells  of  Martinotti,  with  the  large 
pyramidal  cells. 

The  fourth  layer  is  made  up  of  triangular,  small  pyramidal,  and 
spindle  cells. 
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The  white  matter  of  the  Jhemispheres  consists  of  meduUated 
fibers  whose  size  is  very  various.  As  a  rule,  however,  thej  aie 
smaller  than  those  of  the  cord  and  bulb.  For  the  most  part,  thej 
are  arranged  in  bundles  separated  by  layers  of  neuroglia. 

Central  Ganglia  of  the  Brain. — At  the  level  of  the  hilus  of  tk 
brain  the  cerebral  peduncles  sink  into  the  body  of  the  two  hemi- 
spheres.    They  contain  fibers  which  proceed  from  the  cord,  pons, 
and  cerebellum  to  the  brain,  as  well  as  those  fibers  which  proceed 
from  the  brain  to  the  cord,  pons,  and  cerebellum.    There  are  ak 
direct  fibers  which  reach  from  the  peduncles  to  the  brain  corteL 
However,  there  are  other  indirect  or  ganglionic  fibers  which  com- 
municate previously  in  the  nuclei  or  ganglia  of  the  gray  sabsUnce. 
The  ganglia  referred  to  are :  the  optic  thaiami  and  the  corpora  sirick 
The  optic  thaiami  are  two  oval  bodies  placed  upon  the  tract  of  the 
cerebral  peduncles.    At  the  posterior  part  of  the  thalamus  are  the 
external  and  internal  geniculate  bodies.    Between  the  pulvinar  and 
the  origin  of  the  pineal  gland  is  found  a  small  surface,  slightly 
depressed  and  of  triangular  form;  it  is  the  triangle  of  the  habentik 
Within  this  triangle  is  a  small  prominence  known  as  the  nucleus  of 
the  habenula.     The  habenula  is  the  peduncle  of  the  pineal  gland. 

The  inferior  surface  of  the  thalamus  rests  upon  the  cerebral 
peduncle,  from  which  it  receives  some  fibers.  In  the  rear  it  remains 
free,  and  presents  two  nipplelike  swellings:  the  geniculate  bodies. 
One  lies  internal;   the  other  external, 

Monakow  divides  the  nuclei  of  the  thalamus  as  follows:  (1) 
anterior,  (2)  median,  (3)  ventral,  (4)  posterior,  and  (5)  pulvinar. 
The  posterior  root-fibers  arborize  about  the  nuclei  of  GoU  and  Bur- 
dach.  From  there  they  are  continued  by  a  second  neuraxon  to  end 
in  the  ventral  nucleus  of  the  thalamus. 

Each  thalamus  has  a  double  connection  with  all  parts  of  the 
cerebral  cortex  by  neuraxons  from  its  various  nuclei  to  the  cortex, 
and  by  neur^^xons  from  the  pyramidal  cells  of  all  parts  of  the  cortex. 
The  neuraxons  of  the  ganglionic  cell-layer  of  the  retina  end  about 
the  cells  of  the  pulvinar  and  external  geniculate  body,  thus  connect- 
ing it  with  the  primary  division  of  the  optic  tract.  It  has  also  a 
double  connection  with  the  occipital  lobes  by  neuraxons  from  the 
pulvinar  cells  (optic  radiations),  which  terminate  in  the  pyramidal 
cells  of  the  occipital  cortex  and  by  neuraxons  from  the  pyramidal 
cells  of  that  lobe  which  end  in  the  cells  of  the  pulvinar. 

Corpora  Striata, — The  corpora  exist  as  two  large  ovoid  gray 
masses  lodged  within  the  thickness  of  the  frontal  lobe.    They  are 
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name  of  puiamen.    The  two  other  Begments  are  knovn  u  the  m- 
ternal  and  external  a^gmente  of  the  globus  pallidus. 

Hence  it  ensues  that  the  corpus  etriatum  has  the  genenl  cbu^ 
acter  of  the  letter  c.  Ite  upper  extremity,  or  branch,  being  Kpt- 
sented  by  the  caudate  nucleus;  its  lower  branch  by  the  leuticBlir 


Fig.  259.— So-called  Ganglionic  Oraj  Matter  of  the  Cerebral  Trunk. 
(After  Chabpy.)  Gray  Masses  Superadded  to  the  Senaori-motor  Nncld. 
(MOBAT.) 

1,  Pontal  DucIeuB.  2.  Arcllonn  nucleua.  I,  OIlTe.  4.  Speech.  E.  RetlnliL 
larmatloD.  t.  Trapeiold  Ducteua.  7,  Superior  oIlTe.  9,  Subatant.  cin.  >,  Latml 
nucleua.    10,  Lecua  cceruleui.    11,  Locua  Diver.    U,  Red  oocleua.    U,  Corton 

quadrlgemloa. 

nucleus.  The  point  of  union  of  the  two  forms  the  knee.  The  eo^ 
pora  striata  are  of  cortical  origin,  and  not  of  central  ori^,  u  i) 
the  thalainiis.  That  is  to  say,  the  nerve-impnlses  of  volnntarj  JSKfff- 
ment  ordered  by  the  cortex  descend  to  the  corpora  striata,  where 
they  undergo  transformation  before  appearing  as  mnscitlar  toon- 
ments. 


634  PHYSIOLOGY. 

The  corpora  guadrigemtna  are  four  email  bodies  or  TOQnJd 
eminences.  They  are  eonipoeed,  for  the  great  part,  ol  graj  mallei, 
although  covered  externally  by  and  containing  in  their  interior  wme 
white  fibers.     They  He  beneath  the  pulvinar  of  the  optic  tiialimai. 

The  corpora  are  arranged  in  two  pairs:  one  anterior,  the  otbs 
posterior. 

The  upper,  or  anterior,  pair  is  broader,  longer,  and  darker  tlno 
the  posterior  pair.  Laterally  the  corpora  extend'  into  distinct  ud 
prominent  tracts  of  white  substance. 

The  hu-er,  or  posterior,  corpora  are  composed  almost  entirelj  ol 
gray  matter. 

Internal  Capsule. — The  name  of  internal  capsule  is  given  to  t 
thick  band  of  white  fibers  situated  between  the  optic  thalamm  isd 
caudate  nucleus  on  one  side  and  the  lenticular  nucleus  on  the  othet. 
In  a  frontal  section  of  the  brain  the  tract  is  seen  to  follow  a  cmts 


Pig.  261.— Internal   Capsule.      (SunBmOTOK.) 

upward  and  outward  in  an  oblique  manner  between  the  preceding 
nuclei.     Downward  it  is  continuous  with  the  cerebral  peduncle. 

Where  the  capsule  enters  the  lenticulo-striate  defile  it  expands 
like  a  bundle  of  stalks  to  form  the  corona  radiata  of  Keil. 

If  studied  horizontally,  the  internal  capsule  is  seen  to  present 
the  shape  of  an  angle  opening  outward  and  embracing  the  lenticnlM 
nucleus.  The  capsule  seems  to  be  composed  of  two  parts  or  sf^nli 
and  a  bend,  or  genu. 

The  anterior  segment  Is  placed  between  the  lenticular  and 
caudiite  nuclei;  it  bears  the  name  of  arm,  or  lentictilo-striatt  sfgmfnl. 
The  posterior  segment,  situated  between  the  optic  thulanma  aofl 
lenticular  nucleus,  for  this  reason  takes  the  name  of  knlUul(Hipl'f 
segment. 

The  point  of  union  of  the  two  segments  is  called  the  lnff. "' 
genu.  Its  position  is  exactly  at  the  center  of  the  three  nuclei  juit 
mentioned. 

Capsular  Stri-oture. — With  the  naked  eye  or  oven  a  mirre- 
scope  the  internal  capsule  presents  itself  as  a  homogeneous  structnre. 
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composed  of  white  fibers.  There  is  nothing  in  its  appearance  to  let 
anyone  suppose  that  there  are  different  tracts  or  bundles.  However, 
pathological  anatomy,  with  its  secondary  degeneration,  and  embry* 
ology^  by  reason  of  the  myelin  appearing  in  the  bundles  at  dillereDt 
stages  of  development  of  the  foBtus,  reveal  a  number  of  segments  per- 
fectly separated  either  from  a  functional  or  pathological  point  of  view. 
The  three  bundles  of  fibers  are  distributed  somewhat  as  follor> 
in  the  capsule : — 

1.  The  Cortico-Pontal-Cerebellaf  Trad  is  composed  of  neuraxoifi 
from  the  pyramidal  cells  of  the  frontal  lobes.  Then  the  neuraxons 
pass  through  the  anterior  two-thirds  of  the  anterior  s^ment  of  the 
internal  capsule,  then  through  the  crusta,  ending  in  some  of  the 
pontal  nuclei.  These  pontal  nuclei  are  joined  by  neuraxons  to  the 
fibers  chiefiy  from  half  of  the  cerebellum  of  the  opposite  side  by 
the  middle  cerebellar  penduncles,  although  some  fibers  are  from  the 
cerebellar  half  of  the  same  side,  iience  the  frontal  lobes  are  ana- 
tomically connected  with  the  opposite  cerebellar  hemisphere. 

2.  The  Motor  Tract  arises  from  the  neuraxons  of  the  large  pyrami- 
dal cells  of  the  ascending  frontal  and  paracentral  convolutions;  then 
goes  through  the  anterior  two-thirds  of  the  posterior  segment  of  the 
internal  capsule ;  then  through  the  crusta  to  the  anterior  p}Tamids  of 
the  medulla  oblongata,  where  they  partly  decussate,  becoming  the 
crossed  pyramidal  tract  of  the  opposite  side  of  the  spinal  cord,  and 
ending  in  the  cells  of  the  anterior  horns.  Part  of  the  motor  tract 
passes  down  on  the  side  upon  which  it  originated  as  the  tract  of  Tiirck, 
then  through  the  anterior  white  commissure  into  the  cells  of  the 
anterior  horn  of  the  opposite  side  of  the  cord.  Here  we  have  a  long 
neuraxon  or  axon  from  the  motor  convolution  to  the  anterior  horn?  of 
the  opposite  side  of  the  spinal  cord.  From  hero  a  second  axon  starts 
out  to  supply  the  muscles,  making  only  two  axons  in  the  motor  tract 

The  motor  tract  includes  a  band  of  fibers  running  from  the 
cortex  to  the  nucleus  of  the  various  motor  cranial  nerves.  Thu-' 
the  cortex  sends  motor  fibers  to  the  nucleus  of  the  third,  the  fourth, 
the  motor  division  of  the  fifth,  the  sixth,  the  seventh,  the  motor 
divisions  of  the  ninth  and  tenth,  and  the  eleventh  and  twelfth  pairs. 
We  only  know  the  cortical  origin  of  the  seventh,  the  motor  branch  of 
the  fifth,  and  the  hypoglossal.  And  these  originate  from  the  lowest 
third  of  the  ascending  frontal  convolution;  then  they  pass  through 
the  knee,  or  genu,  of  the  internal  capsule  and  continue  through  the 
crusta  until  they  end  in  the  nuclei  of  the  various  cranial  motor  nerves. 
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Fig.   2(13,— Sensory   Tract.      (Mobat.) 

1.  Fillet.  2,  CniDlal  UDaorr  utTvc,  3,  SeDBory  decuiBatloa.  4.  Nuclcum  ot 
Ooll  and  or  Burdkch.  G,  Column  ot  OoU.  €.  Aalerlor  column.  7,  Lateral  col- 
Dmn.   &  ADtcrlor  commlwure.    S,  Poaterlor  earaa.    10,  Sploal  nerve. 
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As  this  tract  passes  through  the  .genu  of  the  capsule  it  is  known  u 
the  geniculate  tract:    a  part  of  the  main  motor  tract. 

3.  The  Sensory  Trad. — Its  axons  arise  in  the  ganglion  of  the 
posterior  root  and  extend  from  the  skin  and  muscles  to  the  spinil 
cord,  where  they  divide  into  an  ascending  and  descending  brancL 
The  descending  branches  arborize  about  the  cells  in  the  gray  matter 
of  the  cord.     The  ascending  branches  in  great  part  ascend  in  the 
columns  of  Goll  and  Burdach  and  arborize  in  the  cells  of  the  nuclei 
of  Goll  and  Burdach.    From  the  nuclei  of  Goll  and  Burdach  a  so- 
ond  series  of  axons  pass  under  the  name  of  the  fillet  or  lemniscus  or 
interolivary  tract,  decussating  under  the  floor  of  the  fourth  ventricle 
and  chiefly  arborize  about  the  cells  of  the  ventral  nucleus  of  the 
thalamus.    From  the  ventral  nucleus  a  third  set  of  neuraxons  arise 
and  go  through  the  posterior  part  of  the  posterior  segment  of  the 
internal  capsule  to  the  ascending  parietal  convolution.     This  tract 
receives  also  the  neuraxons  of  the  sensory  nuclei   of  the  cranial 
neryes    running    to    the    cortex,    excepting    the    auditory   nucleus. 
In  the   internal   capsule  the   motor   fibers   going  to   the   face  are 
in  front ;    next  the  arm-  and  then  the  leg-  fibers.    Hence  lesious 
occurring    in    the    anterior    two-thirds    of    the    posterior    limb  of 
the  capsule  cause  motor  troubles ;  lesions  in  the  posterior  third  cause 
sensory  troubles.       The  sensory  tract  is  composed  of  three  neurax- 
ons:  one  from  the  skin  to  Goll's  and  Burdach's  nuclei,  the  second 
from  these  nuclei  to  the  ventral  nucleus  of  the  thalamus,  and  the 
third  from  this  ventral  nucleus  to  the  cortex.    Pain  and  temperature 
sensations  travel  through  the  gray  matter.     Some  sensory  impulses 
can  travel  by  way  of  the  cerebellum  to  the  cerebrum. 

Blood-supply  of  the  Brain. — The  brain  is  freely  supplied  with 
arteries.  The  brain  with  its  enveloping  membrane  is  said  to  receive 
fully  one-fifth  of  the  entire  quantity  of  blood  within  the  body. 

The  brain  with  its  adnexa  is  supplied  by  the  two  vertebrals  and 
the  two  internal  carotids,  with  their  numerous  branches.  These 
principal  vessels  form  a  free  anastomosis  at  the  base  of  the  brain, 
known  as  the  circle  of  Willis.  The  circle  is  composed  of  the  tip  of 
the  basilar,  the  two  posterior  cerebrals,  the  two  posterior  communi- 
cating, the  tips  of  the  two  internal  carotids,  the  two  anterior  cere- 
brals, and  the  anterior  communicating,  which  connects  the  two 
anterior  cerebrals. 

The  nucleus  caudatus  and  the  nucleus  lenticularis  are  almost 
exclusively  supplied  by  the  middle  cerebral  artery,  whose  branches 
pass  through  the  foramina  of  the  anterior  perforated  space.    The 
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brancheB  are  subdivided  into  the  lenticular,  lenticulo-siriate,  and 
hniieul(hthalamic  arteries.  These  vessels  pass  to  their  terminatioiis 
without  anastomosing  with  one  another.  One  of  the  lenticulo-striate 
arteries  which  passes  through  the  outer  part  of  the  putamen  is  very 
frequently  the  seat  of  haemorrhage.  By  Charcot  it  has  been  named 
the  artery  of  cerebral  haemorrhage. 

The  lymph  finds  its  way  out  of  the  various  areas  of  the  brain  by 
means  of  perivascular  spaces  in  the  tunica  adventitia  of  the  blood- 
vessels.    These  spaces  communicate  with  the  subarachnoid  space  at^' 
the  surface  of  the  brain. 

PHYSIOLOGY  OF  THE  NERVOUS  SYSTEM. 

Ck>mparison  of  Nerve  and  Kuscle. — In  the  study  of  the  general 
physiology  of  muscle  there  was  first  analyzed  its  most  apparent  phe- 
nomenon: muscular  contraction.  Then  the  forces  which  provoke 
muscular  contraction  were  considered,  with  modifications  of  muscular 
excitability. 

Practically  the  same  course  will  be  adopted  in  treating  of  the 
general  physiology  of  the  nerves.  First  there  will  be  considered  that 
property  comparable  to  the  piuscular  contraction ;  in  turn  will  follow 
a  study  of  the  forces  which  produce  the  nerve-wave,  with  modifi- 
cations also  of  the  nervous  excitability. 

Thus,  there  will  be  established  a  sort  of  parallel  between  nerv- 
ous and  muscular  functions;  muscular  contraction  and  nerve- wave; 
muscular  irritability  and  nervous  irritability;  muscular  excitability 
and  nervous  excitability. 

When  a  nerve  is  separated  from  its  nervous  centers  and  no  force 
intervenes  to  modify  its  state,  then  it  will  remain  inert.  There  will 
be  neither  movement  nor  sensibility.  Neither  will  the  nerve  come 
into  action  unless  it  be  stimulated  or  excited. 

Herve  Excitability. — When  a  stimulus  is  applied  to  a  nerve  it 
enters  into  activity.  There  are  various  ways  in  which  this  activity 
is  manifested,  as  by  modification  of  motion  or  sensation,  and  besides 
these  external  manifestations  a  latent  property  in  the  nerve  itself, 
known  as  negative  variation,  which  it  undergoes  during  activity. 
The  most  striking  exhibit  of  nerve  activity  is  the  contraction  of  the 
muscle  supplied  by  the  nerve.  If  we  would  estimate  the  irritability 
of  a  nerve  it  is  necessary  to  know  accurately  both  the  intensity  of 
the  stimulus  and  the  result  produced.  Irritability  requires  for  its 
due  manifestation  the  integrity  of  the  nerve  and  an  unimpaired  circu- 
lation and  nutrition.    But  even  in  a  normal  state  the  irritability  of  the 
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ends  of  the  nerve.  Bert's  experiment  of  fixing  the  end  of  a  rat's 
tail  in  a  wound  in  the  back  and  dividing  the  tail  at  its  root  after 
union  has  ensued  shows  that  the  stimulus  is  transmitted  both  wajg 
in  the  ease  of  sensory  nerves.  When  the  root  of  the  divided  tail  wy 
irritated  there  followed  symptoms  of  pain,  showing  that  the  nene 
impulse  of  sensation  was  transmitted  in  a  direction  opposite  to  the 
normal  one. 

This  fact  is  somewhat  difficult  of  explanation,  but  in  support  of 
it  comes  Kiihiic's  classical  experiment.  This  investigator  takes  the 
sartorius  muscle  of  a  frog  and  separates  it  lengthwise,  beginning  at 
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Fig.   2H5. — Curves  lHuairating  the  MeaHurenicnt  of  the  Velocity  of  a 
Nervous  linpiils?    (Diugraiiimatic).     (Fobteb.) 

To  be  read  from  left  to  right. 

The  same  muscle-uervc  prrparat'on  is  stimulated  (1)  as  far  as  possible  froB 
the  muscle  and  (2)  as  near  as  possible  to  the  muscle;  both  contractions  tre 
regl»trrrd  by  the  pendulum  myograph  exactly  in  the  same  way. 

In  1  the  stimulus  cntt;rs  the  nerve  at  the  time  indicated  by  the  line  a.  the 
contraction,  shown  by  the  dotted  line,  begins  at  b' \  the  whole  latent  period 
therefore  is  indicated  by  the  distance  from  a  lo  6'. 

In  2  the  stimulus  enters  the  nerve  at  exactly  the  same  time  (<f);  the  con* 
traction,  shown  by  the  unbroken  line,  begins  at  h\  tbe  latent  penod  therefor  is 
ind.cated  by  the  distance  between  a  and  6. 

The  time  tak<  n  up  by  the  nervous  impulse  In  passing  along  the  length  of 
nerve  between  1  and  2  is  therefore  indicated  by  the  distance  between  h  and  6'. 
which  may  be  measured  by  the  tuning-fork  curve  below. 

N.  D.— No  value  is  given  in  the  figure  for  the  vibrations  of  the  tuning-fork. 
sinop  tho  flKuro  is  diagrammatic  the  distance  between  the  two  curves,  as  cam- 
pan  d  with  the  length  of  either,  having  been  purposely  exaggerated  for  the  sake 
of  simplicity. 


its  extremity,  so  that  two  small  tongues  are  formed.  Each  tongue 
receives  nervous  filaments  from  the  same  peripheral  branch.  If  one 
of  these  small  tongues  be  mechanically  stimulated  the  exciting  state 
of  the  motor  nervous  fiber  is  found  to  be  communicated  to  the  other 
small  tongue.  Since  the  second  small  tongue  was  excited  by  a  motor 
stimulus  to  tbe  first  one,  it  follows  that  the  conduction  occurred  in  a 
centripetal  direct  ion  along  the  course  of  a  motor  nerve.  This  direc- 
tion is  flifferont  from  that  of  normal  conduction,  for  the  nerve  which 
has  been  thus  excited  is  a  centrifugal  motor  nerve.  Therefore,  since 
the  motor  nerve  has  played  the  role  of  a  centripetal  conductor  in  this 
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Bxperiment^  it  follows  that  a  motor  nerve  can  conduct  an  excitation 
in  both  directions. 

Swiftness  of  the  Nerve-wave. — Compared  with  the  rapidity  of 
Bin  electrical  current,  the  nerve-current  is  immeasurably  slow.  In 
the  motor  nerves  of  a  frog  Helmholtz  made  it  about  88  feet  per  second. 
In  the  horse  Chauveau  found  it  to  be  about  237  feet  per  second  in  the 
motor  nerves  of  the  larynx  and  only  24  feet  in  the  motor  nerves  of  the 
oesophagus.  In  sensory  nerves  the  velocity  of  the  nerve-wave  is 
variable,  but  may  be  put  down  as  150  feet  per  second.  Cold  dimin- 
ishes the  swiftness  of  the  nerve-wave.  If  the  intensity  of  the  elec- 
trical stimulus  is  increased  the  swiftness  is  increased.  The  part  of 
a  nerve  in  a  state  of  an  electrotonus  slows  the  rapidity  of  the  nerve- 
current,  and  this  is  more  perceptible  as  the  duration  and  intensity 
of  the  polarizing  current  increases.  I  have  found  that  stretching  a 
nerve  lowers  the  rate  of  transmission  of  nerve-force.  The  method  of 
Helmholtz  to  measure  the  velocity  of  the  nerve-wave  is  as  follows : — 
He  stimulated  a  motor  nerve  of  a  muscle  and  registered  the  time 
of  its  contraction  after  excitation.  After  a  while  the  same  nerve  was 
stimulated  at  a  point  nearer  its  distribution  with  the  muscle.  Its 
time  was  also  registered.  The  second  time  was  found  to  be  shorter 
than  the  first,  so  that  the  difference  between  it  and  the  preceding  must 
represent  the  time  required  between  the  two  excitation  points  for  the 
transmission  of  the  nerve- wave.  The  distance  between  the  two  stimu- 
lated areas  being  known,  one  can  very  readily  calculate  the  swiftness 
of  the  nervous  action. 

Excitability  and  Condnctivity. — Excitability  of  a  nerve  is  its 
ability  to  react  to  the  irritations  received  by  it,  not  only  at  one  spot, 
but  through  its  whole  length.  Conductivity  is  the  property  of  trans- 
mitting through  its  whole  len<]fth,  up  to  its  terminal  extremity,  a 
nerve-wave  which  has  been  callod  out  by  an  irritant.  When  a  part  of 
a  trunk  of  a  sciatic  nerve  of  a  frog  is  submitted  to  the  action  of  carbon 
dioxide  and  you  stimulate  that  part,  no  contraction  ensues.  But  when 
you  stimulate  the  nerve  above  this  point  a  tetanus  ensues.  Here  the 
nerve-wave  must  travel  through  the  paii;  affected  by  the  carbon 
dioxide.  ITence  it  is  inferred  that  conductivity  and  irritability  are 
separate  properties  in  a  nerve. 

Excitants  of  the  Nerve. — Nerve-excitants  are  all  those  forces 
which  modify  its  state.  There  are  electrical,  thermal,  mechanical, 
and  chemical  excitants.  From  the  fact  that  they  may  act  upon  a 
nerve  in  any  part  of  its  course,  they  are  frequently  designated  as 
general  stimidi. 
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Electrical  Kxcitasts. — This  fonn  of  Btiniulun  ii*  ^un-ly  ihe 
most  important  to  study  and  is,  purhaps,  the  one  that  i>>  most  com- 
plex. The  plt^L-trii-sI  stitiiuius  may  consist  of  vitber  the  t;ou>tBnt  or 
interrupted  current.  The  stimulation  of  the  Dene  may  be  diml, 
as  when  the  electrodes  are  applied  to  the  nerve.  There  are  t*4 
kinds  of  eurrunts  used:  the  induction  current  and  the  galvanic cui* 
rent.    I  shall  take  up  the  constant  current. 

K 
alters 
called 

pole  i  ' 

the  »' 


r-A-n  with  m  weak  ruirrnt.    A,  li  inoile.    U,  !■  catboda. 

ini'aiis  Ih'Iwi'i'ii  tlic  cli'ctrodcx  or  pnlen;  extrapolar  is  ontride  tk 
[iiiIps.  Di'si-cntlin^'  rurri'iit  U  down  the  no^^-c  to  the  niu«c]e;  amnd- 
iiifr  cuiTcTil  i.-i  frnjii  llic  muscle  up  the  nerve.  By  the  action  of  t)i( 
(-iiti«<)iii(  curn-nt  on  the  iicrve-miisile  preiiaration  at  the  time  »( 
iriiikiuf:  mid  lirciikin;;  <if  the  same  we  havt*  Uie  contrartron  law  "f 
I'fliifier.  As  ;mi  iiiii  to  memory  we  slinll  call  the  cnntnutitm  "yw;" 
no  cnntrurtioii,  "no." 

DeK«Dilln|tcurnBl.  As'i—'liBenirrnl. 

StrrnKthortiirrenl.  Mikft  Kraik.  Mnkr.  RmL 

We«k Yea          Ko                  Yen  So 

llmleTaK Yea  Y'ea  Y'es  Y«< 

Strong Ym          No                  Ko  Y«s 

Explanation  ok  1'ki.(Njkh"s  Conthaitiox  Laws. — The^ip  U«^ 
are  explained  by  Ihc  fact  that  a  sudden  increase  of  pxoitabilitv  >t 
Ihe  kathode  at  the  make  of  a  current,  or  a  sudden  change  if  pkiw- 
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With  ascending  current:  1.  If  the  current  is  strong,  the  inta- 
polar  anelectrotonic  part  of  the  nerve  loses  its  conductivity,  the 
stimulus  at  the  kathode  at  the  make  is  not  transmitted  to  the  nene, 
and  no  contraction  follows.  Loeb  explains  electrotonus  by  an  in- 
creased and  diminished  concentration  of  the  ions  of  calcium  and 
magnesium  at  the*  kathode  and  anode.  At  the  breaking  of  the  cll^ 
rent  the  anelectrotonus  disappears,  stimulation  is  produced  at  the 
anode,  and  the  muscle  contracts. 

2.  If  the  current  is  moderate,  the  conductivity  of  the  anelectro- 
tonic part  of  the  nerve  is  not  much  affected  and  the  stimulus  pro- 
duced at  the  opening  and  closing  of  the  current  is  transmitted  to 
the  muscle,  which  contracts. 

3.  With  weak  currents,  the  stimulation  is  only  active  at  the 
point  farthest  from  the  muscle  and  the  closing  produces  contractioiL 

With  descending  current:  1.  With  strong  currents  the  stim- 
ulus at  the  kathode  at  the  make  produces  a  contraction,  as  kathode 
is  nearest  the  muscle,  but  the  stimulation  of  break  at  anode  i&  Dot 
conducted  on  account  of  the  lowered  conductivity  of  the  intrapolar 
anelectrotonic  part  and  the  kathodic  part  is  not  immediately  piesabie 
after  a  strong  current. 

2.  With  moderate  current,  contraction  ensues  on  the  openirg 
and  closing  of  the  current  for  the  same  reasons  as  in  the  case  of  the 
ascending  current. 

3.  With  weak  current,  the  onset  of  katelectrotonus  is  a  more 
powerful  stimulant  than  the  disappearance  of  the  anelectrotonus; 
the  effect  of  the  latter  is  too  slight  to  manifest  any  action. 

The  same  law  is  applicable  in  the  electrotonus  of  muscle. 
Katelectrotonus  diminishes  elcctromotivity,  while  anelectrotonus 
increases  it. 

CoNTKACTioNT  Laws  IX  Man  (Waller). — A  pair  of  electrodes 
cannot  be  applied  to  a  nerve  in  man  so  as  to  send  a  current  in  at 
one  and  out  at  another  point;  so  you  cannot  have  ascending  and 
descending  currents,  pne  electrode  must  be  applied  to  a  nerve,  the 
second,  where  convenient,  to  some  other  part  of  the  body.  If  the 
electrode  be  the  anode  of  a  current,  the  latter  enters  the  nerve  by 
a  series  of  points  arid  leaves  it  by  a  second  series  of  points;  the 
former  series  of  points  fornis  the  polar  zone  or  region,  the  latter  or 
distal  series  of  points  the  peripolar  zone  or  region.  In  such  case  the 
polar  region  is  the  seat  of  entrance  of  current  into  the  nerve,  that 
is,  the  anode ;  the  peripolar  region  is  the  seat  of  exit  of  current  from 
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the  nerve^  that  is,  kathode.    Practically,  a  kathode  and  anode  exist 
abont  each  pole  in  the  tissues. 

If,  on  the  contrary,  the  electrode  under  observation  is  the 
kathode,  the  current  enters  the  nerve  by  a  series  of  points  which 
csoUectively  constitute  a  peripolar  region  and  it  leaves  the  nerve  by 
a  series  of  points  which  collectively  constitute  a  polar  region.  The 
cnrrent  at  its  entrance  into  the  body  diffuses  widely,  and  at  its  exit 
it  concentrates;  its  density  is  greater  close  to  the  electrode,  and  the 
greater  the  distance  of  any  point  from  the  electrodes  the  less  the 
current  density  at  that  point.  Hence  it  is  obvious  that  current  den- 
sity is  greater  in  the  polar  than  in  the  peripolar  region.  Wallef 
makes  the  formula  for  man  as  follows : — 


•  •  •  • 


Weak  onmnft K.  C.  C 

MwJinin  omrenft K.  C.  C.        A  C.  C.        A.  O.  C 

ODTTBDV K.  C*  C        A*  C<  C<        A.  O.  C>        IC.  O.  C 


K.  C.  C.  =  Kathodic  closure  contraction. 

A.  C.  C.  =  Anodic  closure  contraction. 

A.  0.  C.  =  Anodic  opening  contraction. 

K.  0.  C.  =  Kathodic  opening  contraction. 

Making  "yes'*  for  contraction  and  "no'^  for  rest  we  have: — 

Kathodb.  Avodk. 

Makk.       Brkak.  Makb.       Bkxak. 

Weakoorrent Yes     .      No  No  No 

Medinin  ooirent Yes  No  Yes  Yes 

Sirong  oorrent Yes  Yes  Yet  Yes 

Beaction  of  degeneration  denotes  the  reaction  of  diseased  nerve 
and  muscle  on  man.  As  regards  the  nerve,  the  reaction  of  degen- 
eration consists  in  the  abolition  of  excitability  to  the  induced  cur- 
rent, while  the  excitability  to  the  constant  current  is  exaggerated; 
the  muscular  contraction  is  also  greatly  prolonged  and  galvano-tonus 
(tonic  contraction)  is  easily  produced.  The  normal  contraction 
formula  just  given  is  departed  from,  the  most  characteristic  feature 
of  this  departure  being  a  reversal  of  the  normal  order  of  appear- 
ance of  K.  C.  C.  and  A.  C.  C.  Normally,  K.  C.  C.  appears  with  a 
weaker  current  than  A.  C.  C.  In  a  well-marked  reaction  of  degen- 
eration A.  C.  C.  appears  with  a  weaker  current  than  K.  C.  C.  There 
is  no  satisfactory  explanation  of  this  reversal  (Waller). 

The  musical  symbols  <  >  (crescendo  and  diminuendo)  indicate 
increase  and  decrease.  They  are  used  in  electrical  formula  to  show 
the  relationship  of  one  reaction  of  muscle  becoming  greater  than 
another.     Thus :  A.  C.  C.  >  K.  C.  C.  =  the  anodic  closure  contrac- 
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tion  becoming  greater  than  the  kathodic  cloenre  eontractioiL  In 
neuralgias  the  anode  is  placed  upon  the  painful  nerve. 

The  Faradic  current  is  a  more  effective  stimulus  to  nerves  thin 
a  galvanic  current,  for  the  effectiveness  of  a  current  as  a  stimnlu 
depends  not  only  upon  the  total  variations  in  intensity,  but  also 
upon  the  amount  of  such  variation  in  the  unit  of  time;  that  is,  the 
greater  the  rapidity  of  the  total  variation,  the  more  effective  is  the 
current  as  a  stimulus. 

In  the  Faradic  current  the  kathode  is  always  more  active  in  pro- 
ducing contractions.  The  short  duration  of  the  opening  and  closing 
of  the  induction  currents  makes  them  fused  in  effects. 

Electrotonic  Variation  of  Electromotivity. — Electrotonns 
not  only  changes  the  irritability  and  conductivity,  but  also  the  ele^ 


Aneleetrotonic       PolarisiM       EdteUetrotonU 
current  current  current. 

Fig.  270.     (Walleb.) 

tromotivity  of  a  nerve.  If  a  nerve  is  connected  with  nonpolarizable 
electrodes  in  such  a  way  that  its  transverse  section  is  laid  on  one  and 
its  surface  on  the  other,  then  the  galvanometer  will  show  the  pres- 
ence of  a  strong  nerve-current.  If,  now,  a  galvanic  current  is  passed 
through  the  extremity  of  the  nerve  outside  the  unpolarizable  elec- 
trodes, the  polarizing  current  is  established.  The  electrotonic  cur- 
rent in  the  nerve  always  has  the  same  direction  as  the  polarizing 
current. 

In  the  extrapolar  kathodic  region  an  electrotonic  current  is  gen- 
erated when  the  polarizing  current  is  closed.  In  the  anodic  region 
the  electrotonic  current  is  stronger  than  the  kathodic  current. 

These  electrotonic  currents  are  only  found  in  medullated  nerves, 
and  are  only  produced  by  an  electrical  polarizing  current.  Non- 
medullated  nerves,  muscles,  and  tendons  do  not  show  them.  The 
electrotonic  currents  are  not  the  action-currents  of  a  nerve,  and 
must  not  be  confounded  with  them. 

The  experiment  of  paradoxical  contraction  depends  upon  elec- 
trotonic currents. 
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Baflcx  AotioiL — A  motor  reflex  act  la  the  traDBmissioB  of  an 
iiTitation  by  the  neuraxon  of  a  sensory  neuron  to  the  dendrons  of  a 
motor  neuron  and  by  its  neurason  in  turn  to  the  muscle. 

The  functions  of  the  gray  substance  of  the  nervous  centers  can 
be  known  only  through  reflex  movements;  so  that,  to  study  reflex 
action  is  to  study  the  nervous  centers. 

From  a  knowledge  of  the  principles  of  a  reflex  action  it  will  be 
seen  that  three  stages  must  be  considered:     1.  The  external  excita- 


Pig.  271, — Elementarj  Refl«x  Arc.  Course  of  Senaorj  ImpreaaioDB 
and  a  Motor  Impulse,  PasRing  Through  the  same  Level  of  the  Spinal 
Cord.      (MOKAT.) 


tion  which  goes  to  excite  the  nervous  centers  through  the  sensitive 
nerves  as  a  medium.  2.  The  e.\citation  of  the  nervous  centers  which 
receive  the  irritation  and  then  transform  and  modify  it;  through 
the  medium  of  the  motor  nerves  it  is  communicated  to  the  muscles. 
3.  The  contraction  of  the  muscle  thus  innervated. 

Other  Seats. — It  is  not  only  in  the  spinal  cord  properly  so 
called  that  there  are  reflex  acts.  There  are  some  in  the  medulla 
oblongata,  in  the  potu,  and  in  the  gray  parts  of  the  brain. 

The  physiological  study  of  strychnine  shows  what  intimate  con- 
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nections  exist  between  the  different  parts  of  the  spinal  cord.  The 
irritation  of  the  periphery  at  any  point  whatever^  being  tranfimitted 
to  the  spinal  cord  by  a  sensitive  nerve^  goes  to  provoke  at  once  the 
activity  of  the  whole  organ. 

The  initial  stimulation  for  a  reflex  action  may  arise  from  any 
sensory  nerve,  whether  of  special  sense,  touch,  or  visceral  supply. 
But  there  are  some  which  generate  a  more  active  reflex  movement, 
among  which  may  be  mentioned  those  of  the  palm  of  the  hand  and 
the  sole  of  the  foot.  The  quality  and  nature  of  the  stimulus  used 
has  an  influence  on  the  reflex.  Thus,  tickling  the  auditory  mettiw 
produces  cough;  excessive  sunlight  acting  on  the  retina  caiweb 
sneezing.  Stimulation  of  a  sensory  nerve-trunk  in  any  part  of  \U 
course  calls  out  a  reflex  action,  but  the  movement  in  this  case  is  much 
less  energetic  and  its  character  altered.  In  such  a  case  the  stim- 
ulation causes  movement  in  one  or  more  muscles,  while  stimulatioii 
of  the  skin  surface  innervated  by  the  same  nerve  produces  movements 
which  have  a  peculiar  character  of  co-ordination.  To  produce  a 
reflex  action  the  application  of  the  stimulus  must  be  sufficiently 
rapid. 

Any  agent  which  produces  a  slow  and  gradual  change  in  the 
nerve  is  without  effect.  Some  experimentalists  have  found  a  differ- 
ence between  the  reflex  of  chemical  and  of  mechanical  stimulation. 
When  the  reflex  center  has  a  greater  or  less  excitability,  then  the 
stimulation  produces  greater  or  less  results.  Every  center  which 
gives  origin  to  a  motor  nerve  may  be  looked  upon  as  a  reflex  center. 
The  excitability  of  the  reflex  centers  is  increased  when  their  con- 
nection with  the  cerebrum  is  cut  off  or  when  the  latter  centers  are 
inactive.  Hence  after  decapitation,  removal  of  the  brain,  section  of 
the  oblong  medulla,  or  section  of  the  spinal  cord,  the  centers  below 
the  section  have  greatly  increased  activity  in  their  reflexes.  Set- 
schenow  has  shown  that  mainly  in  the  optic  thalami  and  corpora 
quadrigemina  are  seated  centers  inhibiting  the  activity  of  the  spinal 
reflex  centers. 

Reflex  excitability  is  much  greater  in  young  animals  than  in 
adults.  This  explains  the  quickness  with  which  slight  causes  pro- 
duce convulsions  in  the  infant.  Beflex  activity  is  greater  in  the 
summer  than  in  the  winter.  Certain  toxic  agents  have  an  effect  on 
the  reflexes.  Thus,  atropine,  bromides,  chloral,  chloroform,  and 
ether  reduce  reflex  activity,  while  strychnine  greatly  excites  it. 
Chloroform  is  poisonous  to  every  living  cell,  whether  of  plant  or  of 
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animal  life.  Strychnine  is  only  poisonous  to  the  nerve-cell^  not  to 
the  plant-cell. 

Every  time  that  intellectual  action  is  suppressed  then  are  the 
reflexes  more  manifest.  A  person  asleep  has  more  energetic  reflex 
actions  than  a  person  awake.  In  somnambulism  the  action  of  the 
will  is  nearly  suppressed^  while  the  reflex  excitabihty  of  the  cord  is 
enormously  increased. 

On  the  other  hand^  a  person  by  exercising  a  strong  will  can 
arrest  certain  reflexes.  Thus^  the  conjunctival  reflex  can  be  pre- 
vented by  the  will  of  a  courageous  person.  Up  to  a  certain  point  a 
person  is  able  to  resist  sneezing  or  coughing^  which  are  certainly 
typical  reflex  movements. 

Swiftness  of  Beflex  Actions. — ^Helm^oltz  succeeded  in  meas- 
uring by  the  graphic  method  the  switf  ness  of  the  spinal  actions.  By 
him  it  was  ascertained  that  the  excitation  travels  in  the  spinal  cord 
at  the  rate  of  about  twenty-four  feet  per  second. 

Laws  of  Beflex  Actions. — They  are  the  law  of  locaKzation 
and  that  of  irradiation.  One  other  accessory  law  will  be  added :  the 
law  of  coordination. 

Law  of  Localization. — If  any  sensitive  region  be  excited,  the 
first  reflex  movement  which  will  be  produced  will  bear  upon  the 
muscles  near  the  sensitive  region  excited. 

Thus,  if  the  foot  of  a  frog  be  very  lightly  touched,  the  muscles 
of  that  foot  will  respond  reflexly.  If  the  conjunctiva  be  touched, 
the  reflex  movement  will  be  in  the  orbicular  muscles. 

Law  of  Irradiation. — When  an  excitation  has  produced  a  reflex 
movement  in  the  muscles  of  one  side  by  a  flrst  degree  of  irradiation, 
there  will  be  reflex  movements  in  the  correspondi;ig  muscles  of  the 
opposite  side.  Cutaneous  constriction  by  cold  applied  to  the  right 
hand  determines  constriction  by  the  vasomotors  of  the  left  hand  as 
well.    These  are  examples  of  the  type  known  as  transverse  irradiation. 

If  the  excitation  be  more  intense,  the  movement  is  spread  into 
the  muscles  situated  above  and  below  the  point  of  excitation.  This 
represents  the  longitudinal  irradiation. 

Law  of  Co-ordination. — The  law  of  co-ordination  or  adaptation 
of  the  reflex  actions  in  decapitated  animals  is  very  striking.  If  a 
drop  of  acetic  acid  be  placed  upon  the  back  of  a  decapitated  frog  the 
animal  will  make  such  movements  with  the  feet  that  it  seems  to 
want  to  free  itself  from  the  substance  which  irritates  it.  They  are 
not  blind  movements,  but  such  as  seem  to  be  adapted  to  an  end  and 
are  co-ordinated. 

4S 
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is  very  acute.     There  is  extreme  hypersesthesia^  probably  due  to 
nervous  anaemia. 

Physiology  of  the  Spinal  Cord  and  its  Nerves. 

The  spinal  cord  represents:  1.  A  great  conductor  whose  extent 
lies  between  the  brain  and  periphery  of  the  body.  Along  it  are 
transmitted  centrifugal  as  well  as  centripetal  actions;  the  former 
carry  volitional  impulses  to  the  muscles^  the  latter  impressions  from 
the  sensitive  surfaces  to  the  brain.  By  reason  of  the  spinal  cord 
having  in  its  composition  innumerable  nervous  cells^  it  becomes  a  co- 
ordinator of  the  actions  which  pass  over  it. 

2.  The  spinal  cord  represents  a  true  nervous  center.  It  may  be 
either  an  important  center  of  reflex  phenomena  in  that  its  cells  unite 
centripetal  fibers  with  centrifugal  ones,  or  it  may  possess  the  r61e  of 
acting  as  a  special  center  of  the  special  functions. 

Cord  as  a  Conductor. — The  law  of  Bell  is  enunciated  as  follows : 
"0/  the  roots  which  issue  from  the  spinal  cord,  the  anterior  are  those 
of  motion  and  the  posterior  those  of  sensation/* 

This  law  is  very  clearly  demonstrated  by  the  so-called  Miiller 
frog.  If  the  last  four  anterior  spinal  roots  in  the  cauda  equina  of  a 
frog  are  cut  off  at  the  right,  and  the  last  four  posterior  roots  are  cut 
off  at  the  left,  the  animal  after  recovering  from  the  operation  will 
present  interesting  conditions.  The  right  lower  leg  will  be  para- 
lyzed; that  is,  deprived  of  voluntary  motion.  The  left  lower  leg  will 
be  ancesthetic:  that  is,  deprived  of  sensation,  but  still  possess  motion. 
Therefore,  the  anterior  spinal  roots  are  motor  and  the  posterior  ones 
sensory. 

Irritation  of  the  posterior  roots,  or  of  their  central  stumps, 
determines  sensations.  These  sensations  are  sharp  pains  in  the 
regions  innervated  by  the  particular  nerve.  Excitation  of  the  peri- 
pheral stump  is  without  any  effect. 

Irritation  of  the  anterior  roots,  or  of  their  peripheral  stumps, 
determines  movements.  These  movements  are  of  the  nature  of  con- 
vulsive cramps  in  the  particular  muscles  innervated.  Excitation  of 
the  central  stumps  is  not  followed  by  any  effect. 

Cutting  off,  or  the  complete  destruction,  of  the  posterior  roots 
causes  the  loss  of  tactile,  thermic,  and  painful  sensibilities;  also  of 
muscular  sensation  in  the  parts  where  they  are  distributed.  Sec- 
tion of  the  anterior  roots  wholly  paralyzes  the  muscles  innervated  by 
them. 
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out  a  contraction  of  one  Bet  of  muscles  will  inhibit  the  antagonistk 

muscles. 

Sherrington  has  shown  that  the  reflex  arc  in  the  knee-jerk  ii 
due  to  nerve-fibers  passing  to  and  from  the  quadriceps  extensor  bj 
the  anterior  crural  nerve,  and  to  those  passing  to  and  from  the  hua- 
string  muscles  by  the  sciatic. 

The  tendon  reflexes  are  not  true  reflexes^  but  are  due  to  a  direct 
stimulant  action  on  the  muscle  itself.  But  a  reflex  arc  is  necessary 
to  keep  the  muscles  in  a  state  of  tonus  that  the  tendon  reflexes  maj 
take  place. 

Centers  in  the  Spinal  Cord. — The  spinal  cord  presides  over  the 
movements  of  the  anus,  the  bladder,  and  the  genital  apparatus  bj 
means  of  three  centers  located  one  above  the  other. 

The  anospinal  center  is  found  in  the  dog  near  the  fifth  lumbtr 
vertebra.  From  this  center  emanate  fibers  which,  with  the  sacwl 
nerves,  go  to  animate  the  sphincter  of  the  anus.  Irritation  of  this 
center,  especially  by  disease,  brings  on  spasm  of  the  sphincter,  wifli 
difiiculty  in  passing  faeces.  Destruction  of  the  center  causes  paral;iu 
of  the  sphincter  and  incontinence  of  faeces. 

In  paraplegics  (those  affected  with  paralysis  of  the  lower  limbs 
from  cord  lesion),  spinal  incontinence  or  the  involuntary  passage  of 
the  faeces  may  be  observed.  Or  there  is  a  protracted  and  invincible 
constipation.  The  former  condition  depends  upon  the  destruction 
of  the  spinal  center,  while  the  latter  comes  from  paresis  of  the  intes- 
tine in  the  region  of  the  colon  and  rectum. 

The  vesicospinal  center  in  dogs  is  found  between  the  third  and 
fifth  lumbar  vertebra.  When  it  is  stimulated  or  the  nerves  ^ich 
take  their  departure  from  it,  there  are  energetic  and  painful  contnuj- 
tibns  of  the  body  and  neck  of  the  bladder. 

In  apoplectics  there  is  often,  first,  ischuria  (retention  of  urine), 
which  seldom  comes  from  irritative  or  nervous  spasm  of  the  sphincter, 
but  more  frequently  from  paralysis  limited  to  the  detrusor  nenes 
only.  Afte^^va^d  there  is  enuresis  (incontinence  of  urine),  from 
paralysis  also  of  the  nerves  of  the  sphincter. 

The  genito-spinal  center  is  to  be  found  in  the  spinal  cord  at  the 
level  of  the  fourth  lumbar  vertebra.  If  excited  by  stimuli  it  pro- 
duces contractions  of  the  lower  part  of  the  rectum,  bladder,  and,  if 
the  animal  be  a  female,  the  uterus.  In  addition,  if  the  spinal  cord 
be  cut  between  the  dorsal  and  lumbar  parts,  tickling  of  the  mucous 
membrane  of  the  glans  penis  of  the  dog  determines  by  reflex  actiiffl 
an  erection.    Erection  is  no  longer  obtained  if  the  lumbar  cord  be 
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destroyed.  Goltz  and  Freusburg  have  observed  in  a  bitch,  whose 
spinal  cord  was  cat  at  the  level  of  the  last  lumbar  vertebra,  the  mani- 
festations of  desire,  conception,  gestation,  delivery,  and  lactation  to 
lake  place  just  as  in  a  sound  bitch. 

In  obstetrical  wards  women  are  delivered  while  in  the  anes- 
thetic sleep  produced  by  ether,  chloroform,  or  other  anaesthetics. 

These  various  facts  show  that  the  center  of  the  movements  of 
the  uterus  is  found  in  the  spinal  cord,  and  not  in  the  brain. 

The  sudorific  centers  are  seated  in  the  spinal  cord.  The  spinal 
cord  has  minor  vasomotor  centers  for  the  vessels  of  the  parts  it  inner- 
vates. In  fact,  cutting  the  cord  produces  hyperaemia  and  eleva- 
tion of  temperature  in  the  paralyzed  parts.  This  is  due  to  the 
paralysis  of  the  vessels  there.    The  constrictors  are  paralyzed. 

Electrical  excitation  of  the  peripheral  stump  lowers  the  tem- 
perature in  the  parts  innervated,  by  constricting  the  lumen  of  the 
corresponding  arterioles.  The  vasomotor  fibers,  emanating  from  the 
spinal  column,  rejoin  the  vessels  either  directly,  or,  more  commonly, 
by  means  of  branches  of  the  sympathetic. 

The  cilio^pinal  center  is  seated  in  the  medulla  oblongata  and 
sends  fibers  down  the  dorsal  cord  to  the  third  dorsal  vertebra.  These 
fibers  emerge  by  the  anterior  root  of  the  two  lower  cervical  and  the 
two  upper  dorsal  nerves  and  go  into  the  cervical  sympathetic  to  the 
dilating  fibers  of  the  iris.  Pinching  the  skin  of  the  neck  will  dilate 
the  pupils:   another  skin  reflex. 

Physiolosy  of  the  Medulla  and  its  Nerves. 

The  medulla  oblongata,  or  bulb,  like  the  spinal  cord,  is  an  organ 
of  transmission,  or  conduction,  but  at  the  same  time  it  is  a  center  of 
particular  and  very  important  functions. 

Double  Condnotion. — Like  the  spinal  cord,  the  medulla  carries 
centripetal,  or  sensory  actions,  and  centrifugal,  or  motor  actions. 
The  former  are  conveyed  by  means  of  its  posterior  part;  the  latter 
by  the  anterior  part. 

The  centripetal,  sensory  conduction  is  crossed  or  decussated 
along  the  floor  of  the  fourth  ventricle.  The  centrifugal,  motor 
conduction  accomplishes,  instead,  its  decussation  in  the  pyramids  of 
the  medulla,  where  the  right,  lateral  fibers  pass  to  the  left,  and  vice 
versa.  This  decussation  of  the  fibers  is  much  more  complete  in 
man  than  in  animals.  So  much  is  this  so  that  in  man  a  lesion 
which  destroys  one-half  of  the  medulla  brings  on  complete  hemi- 
plegia of  the  opposite  side;   in  animals  a  similar  lesion  never  pro- 
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duces  hemiplegia,  but  only  paresis.  Equally,  in  animals  this 
lesion  does  not  entirely  abolish  sensibility  in  the  opposite  side  of  tiie 
body.  The  gray  substance  of  the  opposite  side  connects  the  pirti 
lying  over  and  under  the  lesion,  and  so  conducts  the  sensory  im- 
pressions. 

Bulbar  Nenres. — From  the  medulla  oblongata  many  paiiB  of 
nerves,  the  bulbar  nerves,  take  their  origin  and  departure.  Each  nerye 
has  a  gray  nucleus.  The  nuclei  on  the  right  side  are  connected  with 
those  on  the  left  and  all  have  their  location  along  the  gray  substance 
of  the  floor  of  the  fourth  ventricle.  The  fibers  which  connect  theae 
nuclei  of  origin  with  the  superior  cranial  centers  are  also  crossed  on 
the  way. 

Centers. — The  medulla,  with  its  gray  substance  and  especially 
with  the  gray  nuclei  of  the  nerves  which  issue  from  it,  becomes  a 
center  of  very  important  functions. 

First,  it  is  a  respiratory  center.  This  center  is  found  toward  the 
inferior  angle  of  the  fourth  ventricle,  a  little  back  of  and  lateral  to 
the  source  of  the  vagi  nerves.  It  is  composed  of  two  lateral  hahes. 
each  of  which,  in  function,  can  take  the  place  of  the  other.  This 
center  is  about  two  and  one-half  millimeters  in  size. 

A  lesion  affecting  both  respiratory  centers  causes  the  sadden 
death  of  a  warm-blooded  animal.  Therefore,  this  region  of  the 
fourth  ventricle  has  been  called  the  vital  knot.  In  fact,  a  blow  from 
a  stick  upon  the  back  part  of  the  head  or  upon  the  nape  of  the  neck, 
also  a  thrust  from  a  sharp  stilleto  between  the  back  of  the  head  and 
the  first  vertebra,  sufiBces  to  cause  even  a  large  mammal  to  fall  to  the 
ground  instantly.  Butchers  do  this  because  they  injure  the  vital 
knot. 

Components  of  the  Center. — The  center  of  respiration  in  the 
medulla  is  composed  of  an  inspiratory  center  and  an  expiratory  center. 

From  the  inspiratory  center  the  excitation  for  the  nerves,  and 
therefore  for  the  muscles  of  inspiration,  takes  its  departure  rhjih- 
mically.  These  motor  excitations  always  decussate  in  the  cervical 
cord.  The  inspiratory  excitation  reaches  the  center  by  means  of  the 
pneumogastric  nerves,  having  been  carried  along  their  sensory  pulmon- 
ary fibers.  The  excitation  is  originated  either  by  reason  of  an  accumu- 
lation of  CO2  in  the  blood  or  the  absence  of  0.  On  the  contrary, 
an  excess  of  oxygen  in  the  blood  abolishes  excitation  of  the  inspira- 
tory center. 

The  expiratory  center,  on  the  other  hand,  gives  excitation  to  the 
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nerrea  and  maecles  of  forced  expiration  (normal  expiration  is  accom- 
plished by  reason  of  the  elasticity  of  the  thoracic  case). 

Experimentally  it  is  observed  that  exciting  the  vagus  nerrea  or 
their  central  stnmps  provokes  very  deep  inspirations  until  the  thorax 
stops  in  the  inspiratory  movement. 

Stimulating  the  superior  laryngeal  nerves  or  their  central 
stomps  provokes  violent  and  forced  expirations  until  the  thorax  stops 
in  the  expiratory  movement. 

It  is  said  that  when  a  lesion  affects  the  bilateral  respiratory 
center  there  follows  immediate  sus- 
pension of  breathing,  and,  there- 
4oKj,  death. 

The  medulla  ^lonjata  is  a 
modertUing  center  of  the  move- 
ments of  the  heart.  By  irritating 
the  medulla  near  the  originating 
nucleus  of  the  vagus  nerve  there  is 
caused  a  stoppage  of  the  cardiac 
mov^nents.  The  heart  first  slack- 
ens its  systole  and  afterward  stops 
in  diastole.  The  medulla  exercises 
this  moderating  action  upon  the 
heart  through  the  vagus  nerve  as  a 

medium.       Some   of   its   centrifugal    Puncture  at  a.  a  utile  abors  tha  Dib  of  tha 

i!i _,    _„»    11. 1 :_    i-i:__       calamua,  produca*  dlabelea.  Puneture  at 

fabera   put   themselves   in   relation     j  p„a„™:  po„„rta  witnaut  i iTcoauria. 

with  its  inhibitory  ganglia.    Hence, 

moderation  and  suspension  of  the 

heart  movements  is  obtained  by  irritating  the  peripheral  stump  of  the 

vagus  in  the  neck.     According  to  Traube,  the  normal  stimulus,  capable 

of  exciting  this  moderating  action,  is  the  accumulation  of  CO,  in  the 

blood. 

In  the  medulla  is  found  this  moderating  center,  which  is  antago- 
nistic to  that  other  center  seated  in  the  medulla  oblongata:  the 
accelerator  center  of  the  heart. 

The  medulla  contains  the  principal  vasomotor  center,  which  is  of 
the  utmost  importance  to  the  economy.  This  general  vasomotor 
center  in  the  medulla  may  become  stimulated  directly  from  the  brain. 
In  short,  an  emotion  or  irritation  to  the  cerebral  cortex  readily 
brings  on  ischa^nia  or  hypenemia  either  in  the  skin  or  in  the  internal 
organs.  Thus,  there  may  be  pallor  from  fear  or  diarrhcea  from 
fright. 
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This  organ  of  the  nervooB  system  is  a  secretory  ceiUer  for  the 
saliva.  In  the  floor  of  the  fourth  ventricle  at  the  lerel  of  the  origin 
of  the  facial  nerve,  and  somewhat  posterior  to  it,  is  foond  the 
originating  nucleus  of  the  fibers  of  the  intermediary  nerve  of  ?ri»- 
berg.  This,  through  the  chorda  tympani  of  the  facial  nerve,  it  ca> 
ried  to  the  submaxillary  gland.  Pricking  the  center  or  stimulating 
it  electrically  provokes  a  copious  secretion  of  saliva.  Certain  patho- 
logical leaionB  may  produce  the  same  thing. 

Glucose  Secretion. — The  puncture  in  the  fourth  ventricle 
should  be  limited  superiorly  by  a  line  joining  the  origin  of  the  audi- 
tory nerves,  and  inferiorly  by  one  joining  the  origins  of  the  Tsgi. 
This  will  determine  within  an  hour  the  condition  known  as  diabetes 
mellitUB — glucose  in  the  urine. 

The  diabetes  ceases  if  the  liver  be  extirpated,  and  is  not  pro- 
duced if  the  liver  has  been  previously  taken  a 
been  previously  tied.     In  the  Uver  of  anima 
such  a  manner  there  is  found  an  intense  vasom 

The  present  theory  is  that  the  diabetic  p 
in  the  blood  by  irritation  of  the  gly co-secretory 
which  send  fibers  down  the  cervico-dorsal  cord 
then  in  the  trunk  of  the  splanchnics  to  the 
shown  by  E,  Cavazzini  that  irritation  of  the 
tological  changes  in  the  hepatic  cells.  Ligature 
vein,  thus  arresting  the  circulation,  does  not  p 
the  liver-cclI.     Irritation  of  the  central  and 

vagus  increases  the  sugar  in  the  blood.  Section  of  the  vagi  gibh 
the  glycogen  to  leave  the  liver  and  tissues  and  the  sugar  to  be  absent 
in  the  blood. 

The  action  of  the  medulla  upon  the  liver  is  exercieed  by  meam 
of  the  spinal  cord  through  the  intervention  of  the  great  sjinpathetic. 

The  oblongata  centers  are:  (1)  respiratory,  (2)  vasoconstndar 
and  vasodilator,  (3)  cardio~inhihitory,  (4)  cardio-acceiemtor,  (5) 
diabetic  center,  (6)  vomiting  center,  (7)  deglutition,  (8)  saJivatiM, 
(9)  mastication,  and  (10)  cilio-spinal. 

ANATOMY  OF  THE  CEREBELLUM. 

Tlie  cerebellum  is  situated  at  the  posterior  and  inferior  portioa 
of  the  brain. 

Tlie  cerebellum  is  entirely  covered  by  the  occipital  lobes  of  the 
cercbnnn  in  man,  hut  only  incompletely  so  in  monkeys.  It  is  united 
by  the  covebellar  jieduncles  to  the  cerebrum,  pons,  and  medulls. 
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.  The  peduncles  are  six  in  number — three  on  each  side.  They  are 
known  as  the  superior,  middle,  and  inferior  cerebellar  peduncles. 

Snrface  Form.— The  cerebellum  consipta  of  a  median  lobe  (the 
vermis)  and  two  lateral  lobes  (the  cerebellar  hemispheres) .  The  supe- 
rior vermiform  process  extends  from  the  notch  on  the  anterior  to  the 
one  on  the  posterior  border. 

The  under  surface  of  the  cerebellum  is  subdivided  into  two 
lateral  hemiapherea  by  a  depression  (the  valley).  It  extends  from 
before  backward  in  the  median  line.  On  the  floor  of  the  median  lobe 
18  the  inferior  vermiform  process. 


The  scctlOD  pauei  tbrougb  tbe  n-glon  under  the  corpara  quadrlgemlnB  (T), 
tbrn  thniugh  the  anterior  cerebellar  pifduDCle  {R).  and  between  tbcM  tbrongli 
the  lIuKUla  ^A).  AboTe  tbli  Ilea  tbe  nucieus  tegmentt.  nueleui  rutlElt  (in),  to  tbn 
lert  of  tbe  nucleus  globaauB  (.Vp).  tbe  embolui  lEmb),  uid  Bill]  [artber  to  tbe  aide 
irlUiln  tba  bemlaphere  the  corpua  denUtum  (Cdc). 

Internal  Strnctnre  of  the  Cerebdliini. — The  cerebellum,  like  the 
spinal  cord,  is  composed  of  both  white  and  gray  aubatances.  The  gray 
is  the  moat  abundant,  and  occupies  the  periphery  of  the  organ  in 
the  form  of  a  thin  layer  which  is  from  two  to  three  millimeters  in 
thickness. 

The  ivhite  substance  is  placed  in  the  center  of  the  organ  and  is 
enveloped  in  all  of  its  parts  by  the  gray  matter.    The  white  represents 
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the  upper  part  of  the  molecular,  or  external,  layer,  forming  a  net- 
work of  fibers.  The  basket  cells  have  their  dendrons  extending  into 
the  inner  part  of  the  molecular  layer,  while  their  neuraxons  arborize 
in  a  tuftlike  manner,  forming  a  "basket-work"  about  the  cells  of 
Purkinje.  The  internal  layer  is  made  up  of  multipolar  cells  whose 
neuraxons  form  the  horizontal  fibers  in  the  external,  or  molecular, 
layer.  These  horizontal  fibers  divide  in  a  T-s^aped  manner,  arbor- 
izing about  the  dendrons  of  the  cells  of  Purkinje. 

In  the  granular  layer  there  are  relatively  large  cells  known  as  the 
cells  of  Golgi ;  their  neuraxons  end  in  the  nuclear  layer,  while  their 
dendrons  lie  in  the  molecular  layer. 

Between  the  external  and  the  internal  layers  we  have  the  cells 
of  Purkinje,  which  are  supposed  to  be  the  cells  concerned  in  the  pres- 
ervation of  equilibrium.  The  dendrons  of  the  Purkinje  cells  occupy 
the  chief  part  of  the  external  layer,  and  have  little,  clublike  projec- 
tions on  them.  The  neuraxons  of  the  Purkinje  cells  go  into  the  in- 
ternal layer,  enter  the  external  layer,  and  arborize  about  the  dendrons 
of  the  cells  of  the  latter  layer. 

From  the  white  matter  come  fibers,  perhaps  from  the  spinal  cord, 
which  on  entering  the  granular  and  molecular  layers  have  at  their 
terminations  irregular  thickenings ;  hence  called  moss-fibers  by  Cajal, 
who  believes  that  they  conduct  impulses  to  the  granular  cells. 

Another  kind  of  fiber  from  the  white  matter,  perhaps  from  the 
spinal  cord,  goes  through  the  granular  layer  into  the  molecular  layer, 
and,  like  a  climbing  plant,  clings  around  the  dendrons  of  the  cells 
of  Purkinje,  and  is  called  the  tendril  fiber. 

Foster  holds  that  impulses  from  the  spinal  cord  or  other  parts 
pass  along  the  tendril  fibers  to  the  dendrons  of  the  Purkinje  cells  and 
by  their  neuraxons  away  from  the  cerebellum  to  other  parts.  But 
other  impulses  may  be  carried  by  the  moss-fibers  to  the  cells  of  the 
nuclear  layer.  From  here  the  impulse  would  be  carried  to  the  mole- 
cular layer  and  spread  along  the  bifurcating  fibrils  a  long  distance, 
which  would  carry  them  to  the  dendrons  of  the  Purkinje  cells.  At  the 
same  time  the  arborizations  of  the  just-mentioned  bifurcating  fibrils 
running  in  a  longitudinal  direction  about  the  basket  cells  would  affect 
the  Purkinje  cells  in  an  indirect  manner,  and,  since  the  neuraxon  of 
each  basket  cell  bears  baskets  for  several  Purkinje  cells,  a  number 
of  these  Purkinje  cells  would  be  "associated"  in  the  same  event. 

The  cerebellum  has  a  threefold  grasp  on  the  cerebro-spinal  axis: 
1.  By  the  direct  cerebellar  tract  and  the  vestibulo-spinal  tract ;  by  the 
restiform  bodies  and  inferior  cerebellar  peduncles.    2.  By  the  middle 
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PHYSIOLOGY  OF  THE  CEREBELLUM   AND  MESENCEPHALON. 

CerebeUom. — Mechanical  irritation  applied  to  the  cortical  sub- 
stance of  the  cerebellum  does  not  cause  the  animal  to  cry  out  nor  are 
contractions  of  his  members  provoked.  Even  a  prick  or  a  wound  that 
is  not  very  deep  in  the  cerebellar  cortex  does  not  cause  any  noticeable 
or  constant  disturbances,  particularly  in  movements.  More  often  the 
only  movements  are  tho^ie  of  the  ocular  globes. 

However,  a  deep  lesion  of  the  cerebellum — a  large  compression, 
a  tumor,  hs^morrhage,  the  removal  of  all  or  a  large  portion  of  the 
cerebellum — determines  a  peculiar  ataxia  which  shows  the  loss  of 
equilibration.  The  animal,  desiring  to  move,  shows  great  uncertainty, 
irregularity,  and  want  of  coordination  of  movement.  Often  when  it 
wishes  to  take  some  steps,  it  falls  backward,  slipping  with  the  feet 
foremost. 


Fig.  278. — Effects  of  Removal  of  Cerebellum.     (Daltoit.) 

The  experiment  succeeds  best  in  birds.     After  removal  of  the 
cerebellum  they  can  no  longer  keep  their  balance.    This  is  known  as 
cerebellar  tottering.    Sometimes  after  several  efforts  they  succeed  in 
remaining  upon  their  feet  for  a  little  while,  but  they  soon  fall  and 
always  in  a  particular  manner.    They  slip  either  with  the  feet  spr     ' 
wide  apart  laterally,  so  ae  to  touch  the  ground  with  the  breast,  or  e 
slipping  with  the  legs  extended  forward,  they  support  themselves  w 
the  wings  behind.    The  head  is  folded  with  more  or  less  twisting  uj 
the  back.    When  these  animalg  continue  to  live  for  some  time  w 
such  a  lesion  they  end  by  presenting  characteristic  obstructions  w 
the  feet,  especially  in  the  disposal  of  the  toes. 

A  man  with  deep  lesions  of  the  cerebellum  has  very  notices 
disordered  movements  in  walking  and  standing  erect.  He  cannot  1 
lance  himself  well.    While  walking  he  appears  like  one  who  is  dm 
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He  suflfers  intense  vertigo,  with  loss  of  balance,  which  renders  aH  cf  liis 
movements  ataxic.     This  is  especially  so  of  motions  of  locomotioii. 

From  this  it  would  seem  that  the  cerebellum  is  the  center  cf  ik 
coordination  of  movements.  With  the  cerebellum  destroyed,  the  ani- 
mal can  no  longer  balance  itself.  Atrophy  of  one  cerebellar  hemi- 
sphere follows  atrophy  of  the  opposite  cerebral  hemisphere,  showing 
a  close  relation  between  them. 

The  function  of  equilibration  is  regulated  by  the  cerebellum, 
which  receives  afferent  impulses  as  follows: — 

1.  Tactile  impressions  by  the  posterior  columns  to  the  nuclei  of 
Goll  and  Burdach  and  from  them  by  the  rest i  form  body  to  the  cere- 
bellum. To  prove  that  tactile  impressions  are  necessary  to  coordina- 
tion it  is  simply  necessary  to  remove  the  skin  from  a  frog,  when  it 
will  not  be  able  to  leap,  swim,  or  resume  its  natural  position  when 
placed  on  its  back.  In  locomotor  ataxia,  where  w^e  have  a  sclerosis 
of  the  posterior  columns,  there  is  great  difficulty  in  walking. 

2.  Visual  impressions  by  optic  nerve  conveyed  by  the  superior 
cerebellar  peduncle.  Ataxics  are  able  to  walk  much  better  when  thej 
fix  their  eyes  on  the  ground,  and  when  they  close  their  eves  walking 
becomes  impossible. 

3.  Muscular-sense  impulse  through  the  direct  cerebellar  tract  by 
the  restiform  body  to  the  vermis. 

4.  Impressions  from  the  semicircular  canals,  which  will  be  con- 
sidered under  the  "Semicircular  Canals.^*  Here  the  vestibular  nerve 
carries  impressions  from  the  semicircular  canals  by  the  restiform  body 
to  the  nucleus  fastigii  and  nucleus  globosus  of  the  cerebellum. 

Horsley  has  shown  that  the  cortex  cereV)elli  is  the  afferent 
recipient  organ,  and  that  the  cerebellar  nuclei  and  the  paracerekllar 
or  bulbar  nuclei  are  the  efferent  mechanisms  of  the  cerebellum.  The 
cortex  cerebelli  sends  no  direct  axons  via  the  cerebellar  peduncles 
to  the  brain  or  spinal  cord.  The  cortical  efferent  axons  teniiinate 
in  the  intrinsic  nuclei  of  the  cerebellum,  that  is,  the  nucleus  den- 
tatus,  nucleus  fastigii,  and  nucleus  eniboliformis  vel  globosus.  The« 
intrinsic  nuclei  send  efferent  axons  to  the  cerebral,  spinal,  and 
paracerebellar,  that  is,  bulbar  nuclei. 

Efferent  Tracts  of  the  Cerebellum. — An  efferent  tract  from 
the  cerebellum  may  be  as  follows:  the  fibers  of  the  superior  pedun- 
cles end  in  the  red  nucleus ;  the  rubro-spinal  tract  runs  from  the  red 
nucleus,  decussates,  passes  through  the  medulla  and  pons,  enter?  the 
lateral  column,  and  terminates  around  the  cells  of  the  anterior  horn?. 
It  is  also  known  as  Monakow^s  bund'e.     Another  efferent  tract  mar 
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l>€  the  vestibulo-spinal  tract.  The  nucleus  f  astigii  of  the  cerebellum 
has  neunucoDB  passing  down  to  the  vestibular  nucleus,  which  is  con- 
nected with  Deiters,  and  these  nuclei  send  neuraxons  down  the  antero- 
lateral columns  to  end  in  the  anterior  horns. 

In  addition  to  the  tottering  walk  and  vertigo,  deep  lesions  of  the 
cerebellum  in  man  produce  a  tendency  to  vomiting.  This  is  probably 
due  to  the  irritation  which  spreads  to  the  center  of  the  origin  of  the 
Tagus  nerve  in  the  underlying  medulla  oblongata.  Sometimes  there 
is  found  a  disposition  to  dyspnoea  and  syncope  for  the  same  reason. 
Frequently  there  are  changes  in  the  organ  of  sight,  as  amaurosis, 
strabismus,  and  astigmatism. 

Middle  Peduncles. — Deep  lesion  of  the  middle  peduncles  of 
the  cerebellum  (those  which  pass  to  the  pons  Varolii),  if  made  upon 
one  side  only,  produces  in  the  animal  a  tendency  to  turn  or  rotate 
upon  the  principal  axis  of  its  body.  If  the  lesion  occur  in  the  pos- 
terior part  of  the  peduncle  the  rotation  is  toward  the  side  where  the 
peduncle  is  cut.  The  animal  may  make  as  many  as  sixty  or  more 
revolutions  per  minute.  The  rotation  will  be  toward  the  opposite  side 
when  the  anterior  portion  of  the  peduncle  has  been  injured.  This 
rotation  is  explained  by  Schiff,  who  admits  paralysis  of  the  rotary 
muscles  of  the  head  and  one  side  of  the  spinal  colum. 

Cutting  the  middle  cerebral  peduncle  brings  on  internal  strabis- 
mus in  the  eye  on  the  side  operated  upon,  but  external  superior  stra- 
bismus in  the  eye  upon  the  opposite  side. 

Ijesion  of  the  inferior  peduncle  of  the  cerebellum  or  of  the  bulb 
becomes  painful.  Also  the  animal  falls  upon  the  opposite  side  and  is 
unable  to  keep  itself  erect.  The  animal's  body  is  curved  in  the  form 
of  an  arch  toward  the  side  of  the  lesion. 

Lesion  of  the  superior  peduncle  docs  not  give  characteristic  and 
precise  phenomena. 

The  Pons. — The  pons  roprcHcnts  a  crossed  way  of  conductibility 
between  the  periphery  of  the  body  and  the  brain,  and  vice  versa. 
Besides  it  is  a  coordinating  center  of  the  actions  that  pass  through. 
The  pons  Varolii,  at  its  anterior  surface,  shows  itself  to  be  but  very 
little  or  not  at  all  irritable.  Posteriorly,  there  are  signs  of  great 
pain  and  agitation  in  the  animal  under  stimulation.  Deep  irritation 
causes  convulsions  and  pains  according  to  the  kind  of  fibers  irritated. 
The  facial  nerve  is  often  found  paralyzed  upon  the  same  side  as  the 
lesion  and  so  opposite  to  the  ])araly8is  of  the  members  and  trunk. 
This  condition  is  spoken  of  as  alternate  hemiplegia. 

The  pons  Varolii  is  the  center  of  epileptiform  convulsions.    Deep 
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irritation  with  electricity  to  the  substance  of  the  pons  causes  genenl 
epileptiform  movements  in  the  animal.  Nothnagel,  by  irritating  with 
the  needle,  has  defined  the  limits  of  the  spasmodic  territory,  or  regvon 
of  cramps.  This  convtUsive  center  is  irritated  by  excess  of  CO,  in 
the  blood,  or  else  by  absence  of  the  proper  proportion  of  oxygen.  Oil 
of  absinthe  is  capable  of  irritating  this  center. 

Cerebral  Peduncles. — The  cerebral  peduncles  contain  all  of  the 
fibers  of  sensation  and  motion  in  the  body  and  direct  them  (except 
a  few)  toward  the  large  ganglia  at  the  base  of  the  brain.  Stimulaim 
of  a  peduncle  produces  pain  and  contrfctions  in  the  opposite  half  of 
the  body ;  section  or  deep  lesion  from  disease  produces  paralysis  and 
anaesthesia  in  the  opposite  half  of  the  body. 

The  cerebral  peduncles,  therefore,  carry:  (1)  the  voluntary eid- 
tations  to  the  nerves  of  motion  and  so  to  the  muscles;  and  (2)  the 
sensitive  impressions  made  upon  the  peripheral  extremities  of  the 
centripetal  nerves  up  to  the  brain. 

I  have  found  in  the  cat  that  mechanical  irritation  of  the  locui 
niger  will  cause  the  bladder  to  contract,  indicating  a  high  detrusor 
center.  Mechanical  irritation  of  any  part  of  the  brain  in  front  of  this 
point  has  no  effect  on  the  bladder. 

In  the  greater  number  of  unilateral  lesions  of  the  cerebral  pe- 
duncle the  so-called  movement  in  a  circle  is  observed.  That  is,  the 
animal  walks  or  flies,  but  always  follows  the  curve  of  circumference. 
This  is  usually  to  the  side  opposite  the  lesion. 

Corpora  Quadrigemina. — In  man  atrophy  of  the  opposite  anterior 
quadrigeminal  body  follows  removal  of  an  eye.  The  anterior  quad- 
rigemina  are  also  centers  for  the  reflex  movements  of  the  iris.  As  the 
student  already  knows,  the  pupil  contracts  in  the  presence  of  strong 
light,  but  enlarges  in  a  faint  light  or  darkness.  If  the  anterior  quad- 
rigeminal bodies  be  destroyed,  the  pupil  remains  immovable  and 
dilated  even  in  the  presence  of  a  strong  light. 

Besides  these  functions  for  the  eye,  the  quadrigeminal  bodies  are 
believed  to  serve  other  reflex  actions.  The  posterior  quadrigeminal 
bodies  are  pathways  of  auditory  fibers.  They  are  also  regarded  as 
centers  of  coordination  of  movements;  their  destruction  is  accom- 
panied by  disturbances  of  motility. 

Physiology  of  the  Optic  Thalami  and  Striated  Bodies. 

The  optic  thalami,  if  deeply  stimulated  or  injured,  appear  to  be 
but  slightly  irritable  and  little  or  not  at  all  sensitive.  The  animal 
has  shocks  or  shrinkings,  but  does  not  cry  out.    A  deep  lesion,  made 
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in  the  posterior  third  of  the  optic  thalamus^  determines  in  the  animal 
movements  in  a  circle  from  the  injured  side  toward  the  soimd  side. 
If,  however,  the  lesion  be  made  in  the  anterior  part  of  the  thalamus, 
the  circular  movement  is  reversed. 

Opinion  seems  to  be  divided  as  to  the  effect  produced  by  lesion 
of  the  optic  thalamus  upon  the  visual  function.  It  is  concluded,  how- 
ever, that  the  surface  of  the  thalamus  (in  conjunction  with  the  cor- 
pora quadrigemina)  presides  over  sight. 

In  addition  to  the  functions  just  mentioned,  the  optic  thcUami 
have  an  influence  upon  the  sensibility  of  the  opposite  side  of  the  body. 
That  is,  not  conscious  sensibility,  but  that  tactile  and  muscular  sensi- 
bility necessary  for  the  execution  of  extended  and  coordinate  move- 
ments. This  is  especially  so  for  locomotion  without  the  aid  of  the 
will.  These  movements,  then,  are  none  else  than  reflex^  They  re- 
spond to  the  impressions  made  upon  the  sensory  surface  of  the  body 
and  reflected  in  the  large,  excitomotor  centers,  viz.,  the  thalami.  The 
thalami  are  relay  centers  for  the  sensory  tract. 

Thus,  while  a  normal  individual  walks  along  a  clear  street,  per- 
haps he  thinks  of  his  movements  but  once.  During  that  short  time 
his  will  directs  his  volitional  impulses;  the  rest  of  his  walk,  on  the 
contrary,  is  executed  almost  automatically.  In  this  case  the  excita- 
tions take  their  departure  from  impressions  upon  the  body  by  the 
ground,  space,  weight  of  the  body,  etc.  These  impressions  are  all 
summed  up  in  the  optic  thalami,  from  which  they  return,  coordinated, 
along  the  nerves  of  motion. 

When  the  striated  bodies  are  irritated  they  do  not  provoke  any 
signs  of  pain.  Though  the  animal  remains  relatively  quiet  under 
ablation  of  the  hemispheres,  yet  it  is  seized  with  violent  and  con- 
vulsive contractions  in  the  oj)posite  half  of  the  body  when  the  striated 
body  is  hardly  reached.  This  response  is  especially  marked  in  the 
lonticulo-striate  part  of  the  internal  capsule.  By  stimulating  a  striated 
body  with  electricity,  tetanus  in  the  opposite  half  of  the  body  has 
been  obtained.  The  corpora  striata  are  motor  relay  centers.  They  also 
contain  a  thermogenic  center. 

Experimental    Physiology    of   Cerebral    Hemisphereii. 

There  are  two  great  means  that  experimental  physiology  has  at 
its  disposal,  viz.:  stimulation  (electrical,  mechanical,  chemical,  and 
thermal)  and  removal.  These  are  likewise  applied  to  the  most  im- 
portant and  noble  part  of  the  nervous  apparatus:  the  cerebral  hemi' 
spheres.     The  experimental  results  are   then   compared  with  those 
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Motor  and  Sentory  Center*. 
By  obserrationB  upon  the  chimpanzee,  Sherrington  and  Gruen- 
bautn  have  ehown  tliat  the  motor  area  is  iu  the  ascending  frontal 
(precentral)  convolution  and  spread  over  its  whole  length.  The  motor 
area  did  not,  at  any  point,  extend  behind  the  fissure  of  Rolando  (cen- 
tral fissure) ;  on  the  inner  side  of  the  brain  they  found  the  motor  area 
extended  only  a  short  distance  downward,  and  not  to  the  calloso-mar- 
ginal  fissure.    In  the  motor  area  they  also  localized  movements  of  the 


Fig.  280. — The  Motor  Areaii  and  Centers  on  tlie  MeniHl   Aspect  of  the 
Hemicerebrum  of  the  Chimpanzee.    (Gbu.vbaum  and  Suerrinoton.) 

ear,  nostril,  palate,  iiiovonients  of  sucking,  mastication,  of  tlie  vocal 
cords,  of  the  thorax,  abdomen,  and  the  sphincters.  The  arrangement 
of  the  representation  of  various  repionB  iif  the  muscles  follows  the 
exact  segmental  sequence  of  the  cranio-spinal  nerve  series;  thus,  in 
front  of  the  central  fissure  from  be!ow  upward  are,  first,  the  center 
of  the  face ;  next,  centers  for  the  upper  extremity ;  next,  those  from 
the  trunk;  and  last,  for  the  lower  extremities.  Extirpation  of  these 
areas  gave  positive  paralysis.  Sherrington  and  Griienbaum  also 
found  in  the  middle  and  inferior  frontal  convolutions  n  center  which, 
when  irritated,  caused  conjugate  deviation  of  the  eye  of  the  oj>i)o- 
eite  side. 

Id  accordaoce  with  these  facts  of  Sherrington^  and  from  hie 
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Cortical  Epilepsy.^ — ^Fritsch  and  Hitzig  observed  that,  through 
continued  irritation  of  the  cortex  of  the  cerebrum,  the  animal 
became  convulsed  not  only  in  the  muscles  whose  centers  were 
irritated,  but  in  all  the  muscles  of  the  body.  The  convulsive  move- 
ment always  began  in  the  muscles  which  were  innervated  by  the  cen- 
ter irritated,  and  then  spread  from  this  in  a  regular  and  systematic 
manner  to  the  remaining  muscles.  For  example:  when  an  animal 
had  the  left  cortical  center  for  the  eyelids  irritated,  the  convulsive 
movement  began  in  the  muscles  of  the  eyelid  of  the  opposite  side, 
and  then  spread  to  the  other  facial  muscles ;  next,  the  head  was  bent 
to  the  right;  then,  first  the  right  anterior  and  next  the  right  pos- 
terior extremities  were  seized  with  convulsions;  after  this  the  con- 
vulsive movement  began  in  the  muscles  of  the  left  side  and  from 
below  upwards,  first  the  left  posterior  extremity,  then  the  left 
anterior,  and  last  the  muscles  of  the  left  eyelid.  The  convulsive 
movements  are  first  tonic,  and  then  they  become  clonic  and  the  ani- 
mal becomes  sleepy. 

If  an  injury  is  produced  in  the  motor  area  and  the  animal  lives, 
then  a  spontaneous  epilepsy  can  ensue  with  cortical  irritation. 

In  the  cortex  of  man  similar  results  ensue  from  an  irritation 
of  the  motor  centers,  except  that  the  man  usually  feels  conscious  of 
the  attacks  in  the  beginning  of  the  fit  and  takes  care  that  he  sliall 
not  be  injured  by  the  attack. 

Cortical  epilepsy  can  ensue  from  irritation  of  other  convolutions 
than  the  motor,  but  these  convolutions  must  be  in  a  physiological 
association  with  the  motor  centers.  The  spread  of  the  convulsive 
movements  to  different  muscles  can  take  place  even  after  extirpation 
of  the  opposite  motor  area.  If  the  motor  area  of  a  defined  group 
of  muscles  is  extirpated,  and  on  an  adjacent  motor  area  another 
group  of  muscles  are  convulsed  by  an  irritation,  then  these  convul- 
sions spread  to  the  muscles  whose  motor  area  has  been  extirpated. 
Hence  the  irritation  can  spread  to  the  subcortical  centers  and  cause 
general  convulsions,  even  when  the  original  motor  center  which  has 
caused  the  convulsions  is  extirpated. 

Extirpation  of  the  Hotor  Area.^ — When  in  a  dog  the  motor  area 
of  one  hemisphere  has  been  extirpated  completely  or  in  part,  then 
shortly  after  the  operation  there  are  considerable  disturbances  of 
the  movements  of  the  opposite  side.  But  soon  the  animal  is  able  to 
move  the  muscles  of  the  opposite  side,  and  after  a  time  the  mus- 


^Tigersted's  "Physiology"  has  been  drawn  upon  for  the  data. 
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cular  disturbance  nearly  entirely  disappears,  except  the  regulation 
of  the  finer  muscular  movements.  Quite  otherwise  is  the  result  when 
you  extirpate  the  motor  area  in  apes.  If  you  remove  the  whole 
motor  area  in  a  monkey  there  is  a  nearly  complete  paralysis  of  the 
muscles  of  arm  and  face,  and  a  weakness  of  the  muscles  of  the  pos- 
terior extremity.  There  is  also  difficulty  in  moving  the  head  to  the 
opposite  side.  The  weakness  of  the  posterior  extremity  is  not  so 
great  but  that  the  animal  can  use  it  in  walking  or  climbing. 

If  in  an  ape  only  the  motor  area  of  the  linger  is  extirpated,  then 
a  permanent  weakness  in  these  muscles  innervated  by  this  area  re- 
mains, whilst  the  other  muscles  are  not  affected.  The  result  of 
irritation  and  extirpation  of  the  cortex  in  the  ape  confirms  the  fact 
that  irritation  of  a  certain  motor  area  always  calls  out  movements 
of  certain  muscles,  whilst  extirpation  of  the  same  motor  center  is 
followed  by  a  paralysis  or  weakness  of  the  same  muscles.  The  motor 
area  in  the  ape  is  much  more  important  in  the  muscular  movements 
of  the  body  than  the  motor  area  in  the  dog.  The  subcortical  cen- 
ters in  the  dog  are  not  so  much  under  the  domination  of  the  activity 
of  the  motor  centers  of  the  cortex  as  the  subcortical  centers  in  the 
monkey.  The  motor  centers  in  man  have  been  established  (1)  by 
irritation  of  the  cortex,  (2)  by  anatomical  investigations,  and  (3)  by 
clinical  studies  and  pathological  anatomy.  The  motor  area  in  man 
has  about  the  same  extent  as  in  the  ape. 

Flechsig's  Association  Areas. 

Flechsig,  from  a  study  of  sections  of  50  human  brains,  has 
divided  the  cerebral  cortex  into  3G  areas,  of  which  12  are  myelinated 
before  birth.  He  was  able  to  determine  these  areas  by  the  fact  that 
in  the  cerebral  cortex  the  fibers  take  on  myelin  at  different  periods, 
and  thus  he  is  enabled  to  track  the  fibers.  The  sensory  tracts  of  the 
central  nervous  system  take  on  myelin  before  birth.  The  motor 
tract  receives  its  myelin  after  birth,  but  in  the  spinal  nerve  roots  the 
tinterior  are  myelinated  before  the  posterior.  The  first  areas  to 
become  myelinated  are  the  sense  areas — smell,  touch,  muscle-sense, 
sight,  hearing,  and  taste.  The  next  series  of  centers  to  become 
medullated  have  at  first  only  fibers  within  themselves — that  is, 
neither  projection  fibers  nor  association  fibers — and  Flechsig  denom- 
inates them  automatic  centers  whose  function  is  unknown.  The 
rest  of  the  areas  have  association  bands,  and  it  is  most  interesting 
to  note  that  the  earlier  areas  of  this  group  develop  as  marginal  zones 
around  the  primary  sensor}'  areas  and  first  receive  short  fibers  from 
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the  ascending  frontal  convolution.  The  corresponding  motor  tract 
develops  from  the  area  of  large  pyramidal  cells  in  the  ascending 
frontal  convolution.  Thus  the  sensory  and  motor  areas  in  the  brain 
are  not  mixed,  except  in  the  fissure  of  Rolando. 

The  experiments  of  Sherrington  and  Griinbaum  on  the  chim- 
panzee are  in  accord  with  the  results  of  Flechsig.  They  found  the 
motor  centers  to  be  in  the  ascending  frontal  convolution,  separate 
from  the  sensory  centers  of  touch  and  muscle-sense  in  the  ascend- 
ing parietal  convolution.  Around  each  primary  sense  area  develops 
a  border  zone  of  association  centers. 

Only  about  one-third  of  the  brain  is  composed  of  sensory  and 
motor  areas ;  the  question  arises,  "What  is  the  function  of  the  other 
two-thirds?"  The  fibers  going  to  the  latent,  inexcitable  area  of  the 
brain  take  on  myelin  much  later  than  those  of  the  excitable  area. 
The  fibers  in  this  latent  area  do  not  run  downward  like  the  projec- 
ftion  fibers,  but  run  in  a  more  or  less  longitudinal  direction,  and  are 
known  as  intemuncial  or  association  fibers;  they  are  of  both  a  cen- 
trifugal and  centripetal  nature.  These  intemuncial  fibers  connect 
the  latent  cortex  with  the  excitable  cortex.  According  to  Flechsig 
there  are  three  association  centers:  (1)  the  frontal,  (2)  the  parieto- 
occipito-temporal^  and  (3)  the  insular.  These  centers  are  centers  to 
receive  impressions,  and  are  the  seat  of  memory.  The  intemuncial 
fibers  are:  (1)  the  superior  longitudinal  bundle  uniting  the  Rolandic 
and  parieto-occipital  region;  (2)  the  perpendicular  bundle  passing 
between  the  parietal  lobule  and  the  temporo-occipital  region;  (3) 
the  anterior  association  bundle  connecting  the  frontal  and  temporal 
lobes  and  traversing  the  bottom  of  the  sylvian  fissure;  and  (4)  the 
inferior  association  bundle  uniting  the  temporal  and  occipital  lobes. 
The  frontal  association  center  is  in  front  of  the  ascending  frontal 
convolution;  the  insular,  or  middle,  association  center  is  the  cortex 
of  the  island  of  Reil;  whilst  the  parieto-occij)ito-teniporal  associa- 
tion center  is  situated  back  of  the  ascending  parietal  convolution. 

The  anterior  association  center,  or  frontal,  is  made  up  of  the 
anterior  half  of  the  first  and  a  great  part  of  the  second  frontal  con- 
volution. The  middle  association  center  or  insular  is  covered  bv  the 
insula,  whilst  the  posterior  or  parieto-occipito-temporal  is  made  up 
of  the  praecuneus,  the  parietal  convolution,  the  second  and  third 
temporal,  and  the  anterior  part  of  all  three  occipitals.  Disease  of 
the  anterior  association  center,  as  in  idiocy  and  dementia,  changes 
the  character;  a  man  of  good  and  orderly  habits  becomes  irritable 
and  disorderly,  and  loses  his  sense  of  morality;    there  is  a  loss  of 
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ideas  regarding  his  own  personality,  and  his  relations  to  what  is  tak- 
ing place  inside  and  outside  his  body.     He  considers  himself  enor- 
mously wealthy,  or  a  genius,  or  he  may  fail  to  recognize  his  own  sur- 
roundings, and  perform  acts  not  reconcilable ;   in  other  words,  he  is 
like  one  with  paresis.     When  disease  attacks  the  posterior  associa- 
tion centers  he  is  unable  to  name  correctly  objects  which  he  can 
touch  and  see,  or,  if  both  centers  are  affected,  he  may  not  at  all 
recognize  the  nature  of  these  objects,  so  that  he  loses  the  power  of 
forming  intelligent  conceptions  of  the  world  around  him.    He  i.* 
bankrupt  in  ideas,  although  his  affections  may  not  be  altered.    In 
other  words,  he  has  what  is  called  mind-blindness.     The  posterior 
association  center  is  highly  developed  in  musicians. 

PHENOMENA  FOLLOWING  THE  DESTRUCTION  OF  ONE  OR 
BOTH  OF  THE  CEREBRAL  HEMISPHERES. 

Ablation  of  the  cerebral  hemispheres  is  generally  performed  in 
frogs  or  fowls,  who  seem  to  endure  the  operation  suflBciently  well. 
Mammals  easily  succumb. 

The  skin  of  the  head  being  cut  and  the  thin  cap  of  the  skull 
removed,  the  brain  is  reached.  The  incision  of  the  meninges  is  pain- 
ful, but,  after  gradually  removing  the  mass  of  the  hemispheres  from 
above  downward,  the  bird  shows  itself  indifferent.  In  fact,  it  be- 
comes more  stupid  and  apathetic  as  more  of  the  cerebral  tissue  is 
removed.  When  the  removal  of  the  hemispheres  is  completed  without 
injuring  the  peduncular  system,  with  its  ganglia,  and  the  haemorrhage 
stopped  as  well  as  possible,  the  bird  remains  in  a  sleepy  state.  It 
has  a  tendency  to  bury  its  head  and  close  its  eyes;  it  breathes  slowly, 
but  does  not  walk  away. 

Under  stimulation  the  bird  reopens  its  eyes,  raises  its  head,  takes 
a  few  steps,  then  suddenly  returns  to  its  former  position. 

The  bird,  having  recovered  from  its  traumatism,  the  following 
phenomena  are  observed  within  a  few  days:  The  bird  has  become 
an  automaton.  It  does  not  eat,  so  that  it  becomes  necessary  to  put  the 
food  into  its  mouth.  It  moves  not  at  all  of  its  own  volition ;  if  pur- 
sued it  takes  some  steps ;  its  pupils  contract  under  the  influence  of 
the  light:  it  cries  or  tries  to  flee  when  the  skin  is  irritate<l.  It  is 
startled  by  loud  noises.  For  the  rest  there  are  no  longer  voluntary 
movements,  and  the  few  movements  observed  are  aroused  by  extornal 
excitement,  or  some  internal  need.  The  movements  are  rubbing  tbe 
skin  with  the  beak,  scratching  the  head  with  the  foot,  etc. 
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The  vegetative  functions  (once  that  care  is  taken  to  nouriBh  the 
birds  and  clean  them)  are  performed  without  disturbancee.  If  the 
bird  lives  for  Bome  time  it  shows  a  general  deposit  of  fat.  The  skin 
and  muBclcg  in  particular  are  seen  to  be  infiltrated  with  adipose 
tissue. 

In  these  birds  there  are  only  movementB  of  a  reflex  nature. 

Sensibility  is  blunted  since  the  stimuli  are  not  able  to  reach  the 
cortical  centers.  Hence,  they  cannot  provoke  volitional  acta  in  them. 
Ak  Kiiss  saya,  these  birds  live,  but  do  not  perceive;  they  hear,  but 
do  Tint  listfti;  they  are  aware  of  stimuli  upon  the  tongue,  but  do  not 
taste  ihfiii.  They  are  just  as  a  human  being  who  Is  asleep  or  absorbed 
in  contemplation.  He  may  drive  a  fly  from  the  face  without  being 
conscious  of  it. 


Fig.  284. — EITectB  of  Ablation  of  Cerebrum.     (Dalton.) 

l\Tien  hut  one  cerebral  hemisphere  is  removed  without  in  the 
least  injuring  the  other  and  the  animal  recovers,  it  does  not  show 
positive  disturbances  of  intelligence  or  of  conscious  sensibility  or  of 
voluntary  motion.  However,  the  opposite  side  showfl  weakness. 
Should  the  lesion  extend  to  the  underlying  basal  ganglia  or  to  the 
peduncular  system,  there  will  be  complete  hemiplegia  in  the  opposite 
side  of  the  body. 

The  same  manifestations  are  ohsen-ed  in  a  man  who  has  lost  an 
entire  hemisphere  from  a  wound  or  from  disease.  There  is  no  posi- 
tive lesion  of  inteUigencc,  but  there  is  manifested  very  marked  fatigue 
from  intellectual  labors.  If  the  lesion  has  extended  toward  the 
peduncular  bapc  of  the  hemisphere,  there  is  hemiplegia  in  the  oppo- 
site side  of  the  body. 

The  crowbar  case  is  a  much-cited  instance.  A  workman  twenty- 
five  years  of  age  was  engaged  in  charging  a  blast  in  a  rock.  The 
instrument  he  used  was  a  abarp-pointed  bar.  forty  inches  long,  one  and 
one-quarter  inches  in  diameter  and  weighing  twelve  pounds.     The 


70fi  PHYSIOLOGY, 

charge  was  suddenly  exploded,  driving  the  bar  so  that  it  entered  tk 
man's  lower  jaw  and  came  out  at  the  top  of  the  head  close  to  the 
sagittal  Buture  in  the  frontal  region.  It  fell  at  some  distance,  coverd 
with  blood  and  braius.  For  tlie  moment  the  victim  remained  u 
Bcioua.  An  hour  after  the  accident  he  walked  to  the  house  of  a  so- 
geon,  where  he  gave  an  intelligent  account  of  the  accident.  For  i 
long  time  hie  life  was  despaired  of,  but  he  finally  recovered  to  in 
twelve  and  one-half  yeara  longer. 

It  may  be  concluded,  therefore,  that  one  cerebral  hemisphere  onlv 
is  sufficient  for  the  mobility  and  sensibility  of  the  two  sides  of  tht 
body,  as  well  as  tlie  performance  of  psychi 
vidual  with  one  hemisphere  destroyed  remaii 
eye.  That  is  to  say,  the  brain  continues  to  [ 
mal  as  well  as  psychical,  but  with  nottceabl 
and  fatigue.  The  frontal  lobes  are  the  chii 
memory,  and  intellectual  functions. 

The  irrUabiUiy  of  the  cerebral  cortex  i 
aggerated  by  various  circumstances.  Thus, 
chloral,  the  bromides,  cold,  asphyxia,  etc., 
tion,  urea,  uric  acid,  atropine,  strychnine, 
bility. 

Action  of  Brain  Extracts. — In  1898  I 
dried  brain  reduced  the  heart's  frequency 
Section  of  the  vagus  or  its  pnralvsia  by  atrc 

action,  Halliburton  did  not  obtain  the  same  results  after  the  uw  of 
atropine,  but  my  experiments  have  been  confirmed  by  Swale  Tin«ul 
and  SJipcn.  Quite  recently  Swale  Vincent  and  Cramer  have  found  ivn 
substances  in  brain,  both  depressing  the  heart  even  after  the  previous 
use  of  atropine.  They  also  obtained  another  subi^tance  depressing  the 
circulation,  but  its  effects  are  abolished  by  atropine. 


Sleep  is  characterized  by  a  suspension  of  consciousness,  a  dim- 
inution of  reflex  activity  of  the  nerve-centers,  a  decrease  of  the 
excitability  of  the  nerves,  and  a  lessening  in  all  the  chief  fundioDS 
of  the  body.  The  activity  of  the  cerebral  motor  centers  is  nearly  eii!=- 
pcnded  in  the  majority  of  animals  as  they  seek  a  reclining  position. 

In  extreme  fatigue  sleep  is  preceded  by  yawns,  a  want  of  Btien- 
tion,  a  decrease  of  sensibility  in  the  special  senses,  a  progressive  loss 
of  movement,  and  a  dropping  of  the  upper  eyelids.  "The  eyes  are 
closed,  vision  is  necessarily  then  abolished.    The  pupil  is  contractM, 


70&  PHYSIOLOGY. 

That  the  abBence  of  seBBory  impulse  hae  an  important  aelioo  m 
promoting  sleep  is  shown  by  the  case  of  a  boy  wlw  had  only  one  m 
and  one  ear  to  keep  him  in  touch  with  the  external  world.  AllothB 
avenues  of  sensory  impulscg  were  abolished.  If  now,  these  avenoMiit 
impulse  were  abolished  by  bandaging  the  ear  and  eye,  the  boy  v<d^ 
fall  asleep.    If  a  dog  is  kept  awake  five  days  he  will  die.    This  nke- 


Fig.  286.— Pyramidal  Cella  of  the  Marmot  in  Two  Differept  Condilion*. 

(After  Qlekton,) 

On  the  left,  prramldal  cell  of  tbe  mariDot  uleep:    on  the  rlRbt.  thil 


fulness  is  attended  with  a  lowering  of  temperature  (8°  C),  dimin- 
ished reflex  activity,  and  changes  in  the  brain.  In  man,  loss  of  sleep 
causes  a  slight  increase  in  weight.  The  excretion  of  nitrogen,  snd 
especially  that  of  phosphoric  acid,  is  increased  by  the  want  of  sleep: 
acuteness  of  vision  is  also  increased.  But  when  the  man  is  permitted 
to  make  up  for  this  loss  of  sleep,  there  is  a  complete  disappearance 
of  the  just-raentioned  conditions  and  a  normal  state  ensues. 
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NARCOTICS. 

Meyer  and  Overton  have  arrived  at  the  conclusion  that  anaBsthesia 
IB  caused  by  the  solution  of  the  lipoid  (fatty)  constituents  of  the 
cells  by  the  absorbed  ansBsthetic.  All  the  substances  which  dissolve 
fats  are  anaesthetics  if  they  enter  the  cell,  and  anaesthetic  power  is 
proportional  to  this  factor.  The  quick  recovery  which  ensues  when 
the  anaesthetic  substances  are  removed  shows  that  the  lipoids  are  not 
taken  out  of  the  cell,  but  merely  dissolved  within  the  cell.  Wright 
finds  that  anaesthetics  produce  a  disappearance  of  Nissl  corpuscles  and 
a  shrinkage  of  the  nerve-cells  after  prolonged  anaesthesia  by  either 
chloroform  or  ether. 

Bromides  and  opium  produce  sleep  by  depressing  the  excitability 
of  the  cortex  cells  of  the  cerebrum. 

CEREBRO-SPINAL  FLUID. 

The  cerebro-spinal  fluid  is  like  a  lymph-fluid.  It  is  only  in  the 
smallest  part  a  transudate,  and  as  such  is  modified  through  the  specific 
secretion  of  the  capillaries  of  the  brain.  It  is  chiefly  a  specific  pro- 
duct of  the  brain.  It  has  been  shown  that  this  fluid  contains  20  to 
30  per  cent,  of  potash  salts  afid  only  15  per  cent,  of  soda  salts,  and 
the  brain  has  also  an  excess  of  potash  compared  with  sodium.  Spina 
believes  that  the  cerebro-spinal  fluid  comes  either  from  its  blood- 
vessels or  the  brain-substance,  and  not  only  from  its  choroid  plexus. 
It  differs  from  the  blood-plasma  in  containing  only  0.2  per  cent,  of 
albumin,  whilst  blood  contains  7  per  cent,  and  lymph  4.5  per  cent,  of 
albumin.  Cerebro-spinal  fluid  does  not  contain,  like  the  blood,  an 
agglutinin  (it  has  no  globucidal  action  on  foreign  blood),  nor  an 
alexin. 

According  to  Allihin,  it  contains  0.0461  per  cent,  of  glucose, 
0.231  per  cent,  of  proteid,  0.2794  per  cent,  of  organic  material, 
0.813  per  cent,  of  inorganic,  98.886  per  cent,  of  water;  peptones  and 
albumoses  were  not  present,  and  the  proteid  seemed  to  be  a  globulin. 

The  cerebro-spinal  fluid  of  diseased  brains  contains  poisonous 
material,  which  results  from  a  disintegration  of  nervous  tissues.  In 
general  paralysis  of  the  insane,  Halliburton  and  Mott  found  a  nucleo- 
proteid  in  the  cerebro-spinal  fluid.  It  is  a  nucleo-proteid,  which, 
when  injected  into  the  circulation,  can  cause  intravascular  clotting. 
The  cerebro-spinal  fluid  and  the  blood  also  contain  choline,  which 
depresses  the  heart.  Donath  injected  choline  into  the  sensori-motor 
convolution  and  produced  convulsive  attacks.  Choline  is  also  found 
in  other  diseases  of  the  central  nervous  svstem. 


no  PHYSIOLOGY. 

Eiher  and  pilocarpin  increase  flow  of  cerebro-Bpinal  fluid,  wUht 
atropine  slows  it,  and  amyl  nitrite  has  no  particular  effect    Medi- 
cines, as  a  rule,  and  the  toxins  of  bacteria,  do  not  appear  in  the 
cerebro-spinal   fluid  when  given  by  the  mouth  or  subcutaneoudy. 
Strychnia  injected  into  the  cerebro-spinal  fluid  has  a  very  intense 
action,  as  much  as  when  ten  times  that  quantity  is  injected  into  the 
blood.    Cocaine  injected  into  the  cerebro-spinal  fluid  causes  an  ames- 
thesia  in  the  lower  extremities,  lasting  forty-five  minutes.    Whilst 
chemical  substances  with  difficulty  appear  in  the  lymph  when  in- 
jected into  the  blood,  they  appear  quite  readily  in  the  blood  when 
injected  into  the  lymph-tracts. 

REACTION-TIME. 

When  a  terminal  organ  of  special  sense  is  irritated,  the  time 
between  this  stimulation  and  the  moment  when  motion  ensues  as  the 
result  of  conscious  perception  of  the  irritation  is  called  reaction-time. 
Miiller's  law  of  specific  energy  of  sensory  nerves  is  that  irritation  of 
nerves  of  special  sense  always  causes  sensations  of  the  same  kind. 
Thus,  when  the  nerve  of  hearing  is  irritated  by  different  agents,  it 
always  gives  rise  to  a  sensation  of  sound.  Perception-time  is  the 
time  required,  for  example,  in  colors,  to  decide  what  color  it  is  and 
in  what  part  of  the  visual  field  it  is  located.  The  organs  of  special 
sense  differ  from  each  other  as  to  the  number  of  separate  excitations 
that  they  can  receive  in  a  second.  In  reaction-time  by  the  auditory 
nerve  the  following  things  are  involved :  (1)  the  time  consumed  in 
sound  reaching  the  ear ;  (2)  the  time  taken  for  the  reception  of  the 
stimulus  by  the  sensory  terminals  of  the  auditory  nerve  and  the 
transmission  to  the  higher  centers,  so  that  volitional  impulse  may  be 
started  in  the  cerebral  motor  centers;  (3)  the  time  for  the  convey- 
ance of  those  motor  impulses  to  the  nerve-cells  of  the  spinal  cord; 
(4)  the  time  necessary  for  the  generation  of  impulses  in  the  cells  and 
their  transit  down  the  motor  nerves  to  the  muscles  of  the  hand;  (5) 
the  latent  period  of  the  contraction  of  those  muscles.  The  reaction- 
time  for  sound  is  about  0.150  second;  light,  0.195  second;  and  for 
touch,  0.145  second.  Perception-time  varies  from  about  .01  to  .02 
second. 

THE  GREAT  SYMPATHETIC. 

The  ganglia  lying  on  each  side  of  the  vertebral  column  may  be 
divided  into  four  parts,  viz. :  cervical,  thoracic,  abdominal,  and  pelvic 

The  cervical  part  of  the  great  sympathetic  is  composed  of  three 
ganglia. 
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The  thoracic  portion  is  composed  of  twelve  ganglia. 

The  abdominal,  or  lumbar,  part  consists  of  four  ganglia. 

The  pelvic  portion  consists  of  five  or  six  ganglia,  including  the 
eoccygeal  ganglion. 

Two  structures  only  finally  receive  the  sympathetic  fibers;  that 
is,  involuntary  muscular  tissue  and  secretory  epithelium. 

SYMPATHETIC  NERVOUS  SYSTEM. 

The  ganglia  lying  on  each  side  of  the  vertebral  column  are 
lateral  or  vertebral  ganglia.  The  prevertebral  collateral  ganglia  are 
the  ganglia  in  advance  of  the  vertebrae,  as  the  semilunar,  inferior 
mesenteric,  etc.  From  the  prevertebral  ganglia,  nerves  go  to  the 
terminal  ganglia  in  the  tissues. 

The  efferent  fibers  of  the  sympathetic  nervous  system  arise  in 
the  intermedio-lateral  column  of  gray  cells.  They  pass  out  by  the 
anterior  root  from  the  spinal  cord.  From  here  they  go  by  the  white 
ramus  to  a  sympathetic  ganglion.  From  the  sympathetic  ganglion 
they  may  pass  in  two  directions:  (1)  they  may  form  synapses 
about  these  cells,  and  from  these  cells  new  axons  (postganglionic 
fibers)  may  arise  and  pass  outwards  in  the  visceral  nerves,  or  back, 
through  the  gray  ramus  connected  to  the  ganglion,  into  the  spinal 
or  somatic  nerve  to  the  blood-vessels  as  vasomotor  nerves,  or  sweat- 
glands  as  secretory  nerves,  or  to  hairs  as  pilomotor  nerves;  (2)  or 
they  may  pass  through  the  ganglion  on  to  one  situated  more  towards 
the  periphery,  in  which  they  form  synapses  and  are  continued 
onward  by  new  axons.  These  ganglia  from  which  they  do  not  pass 
back  to  somatic  nerves  are  called  the  prevertebral  or  collateral  gan- 
glia. These  nervous  fibers,  after  their  interruption,  proceed  as  gray 
nonmeduUated  fibers  to  their  termination,  where  they  break  up  into 
a  network  of  anastomosing  fibers,  with  cells  or  a  sort  of  terminal 
ganglion.  When  sympathetic  nerye-fibers  are  interrupted  in  a  gan- 
glion, the  fibers,  before  they  meet  the  ganglia,  are  preganglionic; 
after  they  leave  the  ganglion,  postganglionic.  The  number  of  nerves 
leaving  a  ganglion  is  greater  than  the  number  of  nerves  entering  it. 
If  the  sympathetic  fibers  pass  through  the  vertebral  ganglia  to  be 
interrupted  in  the  prevertebral  ganglia,  then  they  are  preganglionic, 
and  the  fibers  leaving  the  prevertebral  ganglia  are  postganglonic. 
By  nicotine  it  can  be  determined  if  fibers  end  in  a  ganglion  or  pass 
through  it,  for  nicotine  paralyzes  the  preganglionic  terminals  of  the 
nerve-cells  of  a  ganglion,  or,  according  to  Langley,  a  special  recep- 
tive substance  in  the  nerve-cell. 
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Langley  calls  the  Bympathetic  system  an  autonraniu  ijtie 
because  it  is  a  sort  of  independent  system  from  the  central  aim 
system. 


1  Man,  of  the  Efferent  Autonoi 
I'ous  fjystem.     (Lanolet.) 

The  sjTiipatbetic  eygtem  proper  arises  from  the  dorso-U 
cord. 

The  cranial  and  sucrsl  autonomic  systems  have  more  in  cot 
with  one  another  than  either  has  with  the  sympathetic,  and  oi 
account  they  may  be  grouped  together  as  the  parasympatheti 
tem.     The  parasympathetic  system  includes  the  midbrain  auto 
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— bulbar  autonomic — and  sacral  autonomic  systems.  The  fibers 
from  the  midbrain  arise  in  it,  and  go  out  in  the  third  nerve  and  by 
the  short  ciliary  nerves  to  the  sphincter  of  the  iris  and  the  ciliary 
muscles,  and  cause  their  contraction.  The  fibers  arising  in  the  bulb 
travel  through  the  facial,  glosso-pharyngeal,  vagus,  and  the  spinal 
accessory. 

Cranial  Qanglia. 

The  ciliary  ganglion  of  the  fifth  cranial  nerve  has  preganglionic 
sympathetic  fibers  from  the  motor  oculi  by  a  short  root  which 
arborize  about  the  ganglionic  cells  and  when  irritated  contract  the 
pupil.  The  postganglionic  fibers  of  this  ganglion  start  from  the 
superior  cervical  ganglion  through  Ihe  ciliary  ganglion  to  contract 
the  blood-vessels  of  the  iris  and  retina. 

Ctitfral  Tic'ri^c  call. 
Somatic  I  ^f9a«i4ti««ai«|        /» --«•.• -•••*«. 


Fig.  288.     (Lanoley.) 

The  number  of  flbera  leaving  a  ganglion  is  greater  than  the  number  of  fibers 
entering  it.    Thta  la  due  to  the  fact  that  the  preganglionic  fibers  divide. 

The  spheno-palatine  ganglion  of  the  fifth  cranial  nerve  obtains 
its  preganglionic  fibers  from  the  facial.  Its  nerve-cells  send  post- 
ganglionic fibers  to  the  blood-vessels  and  glands  of  the  mouth  and 
nose.  Stimulation  of  this  ganglion  dilates  the  blood-vessels  and  aug- 
ments secretion. 

The  otic  ganglion  of  the  fifth  cranial  nerve  obtains  its  pre- 
ganglionic fibers  from  the  ninth  nerve  by  the  pathway  of  Jacobson's 
nerve  and  the  small  petrosal.  The  postganglionic  fibers  run  in  the 
auriculo-temporal  of  the  fifth,  to  increase  the  secretion  of  the  parotid 
gland  and  to  dilate  the  blood-vessels. 

The  submaxillary  and  the  sublingual  ganglia  acquire  their  pre- 
ganglionic fibers  from  the  chorda  tympani  of  the  facial.  Their  post- 
ganglionic fillers  dilate  the  blood-vessels  and  increase  the  secretions 
of  these  glands. 
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As  to  the  bulbar  origin,  the  autonomic  efferent  fibers  of  Ibe 
vagus  end  in  the  cardiac  ganglia,  from  which  postganglionic  fibers 
run  to  the  cardiac  muscle.  In  its  course  the  vagus  meets  small 
groups  of  nerve-cells  in  the  lungs,  the  external  wall  of  the  a'^«>- 
phagus,  and  the  stomach. 

The  vagus  sends  many  fibers  to  the  (enteric  nervous  system) 
Meissner-Auerbach  ganglia  in  the  stomach,  furnishing  secreton 
nerves  to  the  stomach  and  pancreas;  and  the  number  of  its  filxr? 
in  its  downward  course  to  the  intestine  diminish,  and  are  completely 
absent  in  the  descending  colon.  The  bulbar  autonomic  system 
innervates  the  upper  part  of  the  digestive  tract,  from  the  mouth  to 
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Fig.  289. — Diagram  of  the  Main  Distribution  of  the  Bulbar  and  Sacral 

Autonomic  Fibers.     (Lanoley.) 

The  bulbar  fibers  supply  the  anterior  end  of  alimentary  canal  and  the  sall- 
Tary  glands.  The  sacral  fibers  supply  the  posterior  end  of  the  alimentary  ctnil 
and  the  external  generative  organs.  The  sympathetic  supplies  the  whole  tract 
and  also  the  skin  and  the  internal  generative  organs  which  receive  no  involun- 
tary fibers  from  any  other  source. 

the  descending  colon,  and  the  cavities  and  organs  in  connection,  as 
the  salivary  glands,  the  lungs,  the  liver,  and  the  pancreas.  The 
sacral  autonomic  nerves  innervate  the  lower  part  of  the  digestive 
tract,  tho  descending  colon,  anus,  bladder,  and,  by  their  nervi 
erigcntes,  the  external  genitals.  The  sphincter  of  the  iris  and 
ciliary  muscle  receives  no  fibers  from  the  spinal  thoracic  sympathetic, 
but  only  cranial  autonomic  nerves.  The  bulbar  and  sacral  autonomic 
systems  are  independent  of  the  spinal  thoracic  sympathetic  system 
as  regards  development,  and  are  not  a  part  of  the  spinal  sympathetic 
system. 

A  long  series  of  fibers  arise  from  the  thoracic  and  upper  lumbar 
spinal  cord.     These  arc  the  fibers  of  the  sympathetic  nervous  system. 
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Fig.  290. — Diagram  of  the  Great  Sympathetic,  Representing  its 

Visceral   Distribution.     (Mobat.) 

On  the  right,  medulla  oblongata,  spinal  cord,  and  roots.  In  the  middle,  ver- 
•al  chain  and  ganglia;  on  the  left,  second  chain  (prevertebral)  formed  by 
pneumogastric  nerve  and  the  mesenteric  nerves,  solar  plexus  and  hypogastric 
KUS.  On  the  extreme  left,  terminal  ganglia  and  plexuses  of  the  viscera. 
I  break  between  the  peripheral  and  deep  neurons  is  effected  either  in  the 
enary,  terminal  or  intermediate  ganglia.  Symmetrical  with  'regard  to  a  plane, 
which  Intersects  the  thorax.  Principal  condensed  origins  in  the  thoracic 
Ion.  Supplementary  origins  arising  from  the  medulla  oblongata  (nerve  of 
Isberg  and  pneumogastric)  and  from  the  sacral  spinal  cord  (erector  nerves). 
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The  chief  difference  between  the  sympathetic  and  the  parasym- 
pathetic systems  is  that  the  former  sends  nerve-fibers  to  all  parts  of 
the  body,  whilst  the  latter  sends  fibers  only  to  certain  parts.  Accord- 
ing to  Langley,  when  a  tissue  has  a  double  innervation  the  effect  pro- 
duced by  one  set  of  fibers  is,  in  most  cases,  the  opposite  of  the  main 
effect  produced  by  the  other  set  of  fibers.  Thus,  if  one  set  causes 
mainly  contraction,  the  other  causes  mainly  inhibition. 


Rod  Root 
Ocutf/ion 


7 1  '€  ve  rreBrat  Syntpathoti  c 
Con  ^f I  on. 

Pig.  292.— An  Afferent  Sympathetic  Fiber. 

Adsenalin,  when  injected,  produces  all  the  effects  seen  from 
stimulating  the  sympathetic  nerves,  but  does  not  produce  any  of  the 
effect  characteristic  of  stimulation  of  the  parasympathetic  nerves. 
Hence  it  is  a  test-agent  for  the  presence  of  sympathetic  fibers. 

The  pilomotor  nerves  come  from  the  cord,  from  the  fourth 


on  account  of  their  more  regularly  metameric  distribution):  In  the  middle  the 
ganglia  of  the  sympathetic  chain.  These  ganglia  give  off  branches  of  distribu- 
tion In  which  Join  the  cutaneous  nerre  belonging  to  the  same  metamere  as  the 
branch  lUelf  and  the  ganglion  which  has  given  It  off.  On  the  other  band,  these 
ganglia  recelye  branches  of  medullary  origin  which  arise  from  segments  of  the 
spinal  cord  situated  either  higher  or  lower  than  the  corresponding  metamere. 
Spinal  origins  condensed  In  the  thoracic  region,  supplementary  regions  In  the 
medulla  oblongata  and  the  sacral  spinal  rori.  Symmetrical  arrangement  with 
regard  to  a  plane  (xy)  cutting  across  the  middle  of  the  thoracic  region. 
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thoracic  to  the  third  lumbar  nerves,  in  the  cat,  and  are  distributed 
to  the  unstriped  muscle  about  the  roots  of  the  hairs  and  cause  erec- 
tion of  them.  The  condition  of  the  skin  known  as  "goose-skin"  is 
due  to  these  nerves. 

Sympathetic    fibers,    according    to    their   distribution,    can   be 
divided  into  cutaneous  or  somatic,  and  visceral  or  splanchnic. 


/I  rteriofe  cf  Heaud 


.Y/icero/ nervtf  and 


Preganglionic  fiber 


SympaPhehc  Ganglion 


SympafhotiC  Gangiion 


....  Fost  Ganglionic 


Arteriole 


Fig.  293.— Efferent  Sympathetic  Fiber. 


Afferent  fibers  take  their  origin  in  the  ganglion  of  the  posterior 
root.  The  efferent  fibers  arise  from  the  intermedio-lateral  column 
of  cells,  and  pass  out  by  the  anterior  roots. 

The  efferent  fibers  of  the  head  and  neck  come  from  the  upper 
five  dorsal  nerves,  and  run  up  in  the  cervical  sympathetic  to  the 
superior  cervical  ganglion,  where  they  have  their  cell  station.  Prom 
this  ganglion  the  following  fibers  arise: — 

1.  Vasocontrictors. 
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2.  Pupillo-dilator  to  the  Gasserian  ganglion,  in  the  oplithalmic 
branch  and  long  ciliary  nerves  to  dilator  fibers  of  the  iris. 

3.  Motor  to  Miiller's  smooth  muscle  of  the  orbit  and  Tenon's 
capsule. 

4.  Secretory  to  sweat-glands. 

If  you  irritate  the  cervical  portion  of  the  sympathetic,  the  eye- 
ball is  projected  by  a  contraction  of  the  smooth,  muscular  fibers  of 
the  capsule  of  Tenon;  the  pupil  dilated.  The  recti  muscles  push 
the  eyeball  inward.  The  vasomotor  nerves,  constrictors,  and  dila- 
tors are  in  the  cervical  sympathetic,  and  when  it  is  irritated  the 
blood-vessels  of  the  ear,  conjunctiva,  iris,  tongue,  epiglottis,  and 
palate  are  contracted,  whilst  we  have  a  dilatation  of  the  vessels  of  the 
retina,  lips,  gums,  and  nasal  mucous  membrane. 

The  cervical  sympathetic  also  acts  upon  the  circulation  of  the 
brain  and  that  of  the  thyroid  gland. 

Thorax. — The  fibers  of  the  thoracic  organs  arise  from  the  five 
upper  dorsal  nerves,  go  out  through  the  first  thoracic  ganglion,  then 
go  through  the  annulus  of  Vieussens  to  the  inferior  cervical  ganglion, 
and  pass  to  the  heart  and  lungs,  as  the  cardio-accelerator  and  the 
vasoconstrictors  of  the  lungs. 

Abdomen. — These  fibers  come  off  from  the  lower  six  dorsal  and 
upper  three  lumbar  nerves.  The  great  splanchnic  nerve  is  formed 
by  branches  from  the  fifth  to  the  tenth  thoracic  ganglia,  and  termi- 
nates in  the  semilunar  ganglion  of  the  solar  plexus  and  in  the 
superior  mesenteric  plexus. 

The  lesser  splanchnic  is  formed  by  filaments  from  the  tenth  to 
eleventh  thoracic  ganglia,  and  goes  to  the  solar  and  renal  plexus. 
The  splanchnic  nerves  are  the  greatest  vasoconstrictor  nerves  in  the 
body,  and  contain  inhibitory  fibers  of  the  small  intestines.  They  also 
contain  motor  fibers  to  the  intestines. 

Pelvis. — The  fibers  for  the  pelvis  emerge  from  the  cord  by  the 
lower  dorsal  and  upper  four  lumbar  nerves,  and  have  their  cell-sta- 
tion in  the  inferior  mesenteric  ganglia,  from  whi(?h  they  run  in  the 
hypogastric  nerves  to  the  pelvic  ganglia.  They  contain  vasoconstric- 
tors, inhibit  the  colon,  give  motor-power  to  the  bladder,  uterus,  and 
vagina. 

The  mesenteric  nerves  go  to  the  superior  mesenteric  ganglion, 
and  then  to  the  hypogastric  plexus.  The  coeliac,  the  superior  mesen- 
teric, and  the  hypogastric  prevertebral  ganglia  are  united  amongst 
themselves  by  connections  parallel  to  the  sympathetic  chain.  These 
ganglia  form  in  some  sort  a  second  chain  anterior  to  that  which  fol- 
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lows  the  lumbar  vertebral  chain.  This  prevertebral  chain  receives 
elements  of  reinforcement  by  two  remarkable  paths.  The  first  is 
that  of  thp  vagus,  which  carries  bulbar  influences.  The  second  i» 
that  path  formed  by  the  nervi  crigentes,  which  come  off  from  the 
second  and  third  sacral  nerves  and,  like  the  bulbar  and  midbrain 
nerves,  do  not  enter  the  sympathetic  ganglia,  but  go  to  the  hypo- 
gastric plexus  near  the  bladder,  where  the  fibers  have  their  cell-sta- 
tion. They  are  vasodilator  nerves  to  the  pelvic  organs,  inhibit  the 
retractor  penis,  and  are  motor  to  the  bladder,  colon,  and  rectum. 

In  the  heart  and  lungs,  the  vagus  is  inhibitory  and  the  sympa- 
thetic is  accelerator.  For  the  gastric  and  intestinal  muscles  the 
pneumogastric  mainly  augments,  whilst  the  sympathetic  chiefly 
inhibits. 

Arm. — These  fibers  come  out  by  the  fourth  to  tenth  dorsal 
nerves,  and  send  fibers  to  the  stellate  ganglion  and  from  there  pass 
into  the  spinal  nerves,  and  go  to  the  blood-vessels,  sweat-glands,  and 
pilomotor  muscles  of  the  skin  and  limb. 

Leg. — These  fibers  take  origin  from  the  eleventh  dorsal  to  third 
lumbar  nerves,  and  come  out  of  the  last  two  lumbar  and  firsit  two 
sacral  ganglia  and  go  to  the  leg  in  the  spinal  nerves,  to  supply  the 
blood-vessels  and  pilomotor  muscles  and  secretory  nerves. 

Langley  regards  the  nerve-cells  of  Auerbach  and  MeissnerV 
plexus  of  the  intestinal  tract  (the  enteric  nervous  system)  as  difFer- 
ent,  both  from  the  sympathetic  and  parasympathetic  system.  He 
does  not  know  if  they  are  connected  with  the  sympathetic  or  para- 
sympathetic, but  doubts  it.  Magnus  has  shown  that  the  nerve-cell> 
of  Auerbach's  plexus  are  reflex  centers  for  the  rhythmic  contractions 
of  the  intestines.  Langley  believes  that  in  the  intestine  there  are 
two  sets  of  nerve-eel's,  one  motor,  the  other  inhibitory,  both  acting 
on  the  muscular  tissue,  the  state  of  the  muscle  depending  on  the 
balance  of  the  two  forces. 

Afferent  Fibers. — They  have  their  cell-station  in  the  ganglion  o( 
the  posterior  root.  They  enter  the  cord  largely  by  the  white  rami. 
Normally,  stimulation  of  their  peripheral  endings  does  not  lead  to 
modifications  of  consciousness,  and  is  therefore  not  accompanied  by 
pain.     In  abnormal  conditions  painful  sensations  are  produced. 

Head  has  shown  that  the  sensation  of  pain  from  visceral  dis- 
eases is  referred  to  certain  points  on  the  surface  of  the  body.  Thus, 
intestinal  trouble  causes  pain  in  the  skin  of  the  back,  abdomen,  and 
loins.  In  stomach  troubles,  the  pain  is  referred  to  the  ensifonn 
cartilage;  in  disease  of  the  heart,  to  the  scapular  region.     Here  the 
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pain  in  the  skin  is  due  to  the  segment  of  the  spinal  cord  from  which 
the  organ  concerned  receives  its  sensory  fibers,  there  being  a  spread 
of  it  through  the  nerve-centers,  and  thus  causing  an  error  in  its 
localization. 

Blows  on  the  solar  plexus  reflexly  cause  arrest  of  the  heart. 
The  splanchnics  also  have  sensory  nerves  for  the  intestine,  and  in 
intestinal  cramp  may  give  rise  to  extremely  painful  sensations.  In 
the  colic  due  to  lead-poisoning,  we  have  an  affection  of  the  sympa- 
thetic ganglia. 

BcAez  Action  of  the  Sympathetic  Ganglia. — Sokownin  has  found 
that  when  in  the  cat  the  nervous  connections  of  the  inferior 
mesenteric  ganglion  are  divided,  with  the  exception  of  the  hypogas- 
tric nerves,  and  when  the  central  cut  end  of  one  hypogastric  is  stim- 
ulated, contraction  of  the  bladder  ensues  on  the  opposite  side. 
According  to  Langley,  this  is  not  a  true  reflex,  but  an  axon  reflex. 
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CHAPTER  XV. . 

SPECIAL  SENSES. 

TACTILE  SENSE. 

The  organs  of  special  sense  constitute  the  peripheral  portiofii  ol 
the  centripetal  part  of  the  nervous  system.  Tlie  nervous  system  is 
open  to  receive  the  impressions  from  the  external  worid  according 
to  the  nature  of  the  different  agents  which  must  impress  the  organs 
of  the  special  senses. 

The  various  kinds  of  sense-organs  have  each  a  different  con- 
struction. They  are  always  adapted  to  receive  an  impression  of  t 
given  agent.  Thus,  the  eye  is  an  organ  tliat  is  particularly  adapted 
to  receive  impressions  from  rays  of  light;  the  ear  receives  sound- 
waves ;    the  skin  is  responsive  to  touch,  etc. 

Man  is  endowed  with  five  senses.  That  is,  he  possesses  five  kinds 
of  organs  which  are  destined  to  give  him  notice  of  the  impression? 
upon  his  nervous  system  from  five  different  agents.  To  these  agents 
man  has  assigned  special  names  which  recall  their  relations  to  the 
organs  of  sense,  and  without  which  they  could  not  be  conceived  of. 
These  agents,  with  the  corresponding  organs  of  sen?e,  are  (1)  contact . 
which  is  perceived  through  the  sense  of  touch,  whose  highest  devel- 
opment is  in  the  skin;  (2)  taste,  a  modification  of  touch  is  perceived 
through  the  sense  of  taste  embodied  in  the  tongue;  (3)  odor  is  recoo:- 
nized  tlirough  the  sense  of  smell  as  located  in  the  nose;  (4)  sound- 
waves are  made  known  to  the  economy  through  the  sense  of  hearing, 
whose  peripheral  organ  is  the  ear;  and  (5)  light  is  perceived  through 
sight  by  reason  of  the  response  produced  in  the  eye  from  the  eicita- 
tion  of  rays  of  light. 

Miiller's  law  of  the  specific  energy  of  sensory  nerves  is  that  irri- 
tation of  the  norvos  of  special  sense  always 'causes  sensations  of  the 
same  kind.  An  induction  current  upon  the  skin  will  produce  un- 
pleasant tactile  sensations.  Upon  the  eye  it  provokes  luminous  sensa- 
tions, upon  the  ear,  noise  sensations,  and  upon  the  tongue  there  is  pro- 
duced a  sensation  of  taste.  Yet  in  each  case  the  stimulus  is  alwav? 
the  same. 

In  order  that  the  impressions  caused  by  the  external  excitant? 
may  be  able  to  reach  the  consciousness  of  the  individual,  it  become? 
necessary  that  each   organ   of  sense  be   furnished   with   centripetal 
(722) 
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nerves.  These  are  in  direct  anatomical  relation  with  the  central 
nervous  system.  By  means  of  these  nerves  the  cortical  portion  of  the 
cerebrum,  endowed  with  consciousness,  perceives  the  impressions  com- 
ing from  the  external  world.  These  are  the  so-called  special,  external 
and  objective  sensations. 

Among  the  parts  furnished  with  nerves  of  general  sensibility  are 
the  mucous  membrane  of  the  digestive,  respiratory,  and  genito-^rinary 
tracts,  and  the  skeletal  muscles.  In  the  digestive  tract,  the  mouth, 
pharynx,  and  anus  are  endowed  with  tactile  nerves;  the  rest  of  the 
tract  is  furnished  with  nerves  of  .general  sensibility.  The  mucous 
membrane  of  the  oesophagus  gives  us  the  sensation  of  thirst,  the 
gastric  mucous  membrane  the  sensation  of  hunger  and  satiety,  while 
the  rectal  membrane  notifies  the  individual  of  the  need  of  defecation. 

Pulmonary  tissue  in  itself  has  but  very  little  sensibility;  but  ab- 
normal irritations  cause  cough  and  painful  sensation.  The  pleura, 
when  invaded  by  disease,  produces  very  painful  sensations. 

The  geni to-urinary  membrane,  besides  its  exquisite  tactile  sensi- 
bility, is  also  tlie  seat  of  general  sensibility  that  is  doubly  modified: 
in  the  need  of  urination  and  the  sexual  sense.  The  kidneys,  ureters, 
testes,  Fallopian  tubes,  and  the  uterus  are  endowed  only  with  nerves 
of  general  sensibility. 

The  skeletal  muscles  are  furnished  with  the  so-called  muscular 
sense. 

Mnscnlar  Sense. — According  to  Dr.  Sherrington,  of  Liverpool, 
this  is  a  specific  sonsation  obtained  from  specific  sense-organs  in 
muscles,  tendons,  joints,  and  all  the  accessory  organs  of  movement. 
In  the  muscles  of  the  skeleton  there  are  three  sets  of  sensory  organs: 
muscle-spindles,  tendon-organs,  and  Pacini  corpuscles. 

Muscle-spindles,  or  neuromuscular  spindles,  are  long,  narrow 
bodies,  with  a  thick  sheath  of  connective  tissue  enclosing  fine  striped 
muscular  fibers.  Sensory,  medullated  nerve-fibers  enter  the  spindle, 
dividing  into  branches,  and  losing  their  medulla  form  endings  around 
and  between  the  muscular  fibers.  The  perception  of  muscular  sense 
may  be  grouped  into:  (1)  those  of  posture;  (2)  those  of  passive 
movement;  (3)  those  of  active  movement;  and  (4)  those  of  resist- 
ance to  movement. 

To  the  organs  of  muscular  sense  is  largely  traceable  a  local 
feeling  of  fatigue. 

The  nerves  of  muscle  are  competent  to  produce  pain;  this  is 
proved  by  the  pain  of  muscular  cramp. 

A  proof  of  muscular  sense  is  the  employment  of  enough  force 
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2.  The  minimum  limit  varies  for  the  separate  sensations,  or, 
rather,  the  single  specific  agents.  Thus,  the  minimum  for  excitation 
of  touch  is  a  pressure  of  0.002  milligrams;  for  temperature,  Vg**  C; 
for  sensation  of  movement,  a  shortening  to  the  extent  of  0.044  milli- 
meters of  the  internal  rectus  of  the  eye;  for  hearing,  the  noise  made 
by  a  ball  of  pith  one  milligram  in  weight  falling  one  millimeter  in 
height  upon  a  glass  plate  heard  at  a  distance  of  ninety-one  milli- 
meters from  the  ear;  for  sight,  an  intensity  of  light  about  three 
hundred  times  feebler  than  that  of  the  full  moon. 

•  3.  The  intensity  of  the  sensation  is  proportional  to  the  intensity 
of  the  stimulus  and  the  degree  of  irritability  of  the  nerve  at  the 
moment  of  excitation.  As  the  strength  of  the  stimulus  increases,  so 
do  the  sensations.  But  the  sensations  increase  equally  when  the 
strength  of  the  stimulus  increases  in  relative  proportions.  Thus, 
small  noises  will  be  distinguished  in  the  silence,  not  in  the  midst  of 
loud  noises;  a  slight  difference  will  be  noticed  between  small  weights, 
not  between  heavy  ones.  A  burning  candle  in  the  daytime  makes 
little  impression. 

4.  Sensations  do  not  increase  in  the  same  proportion  as  the 
stimulus.  If  the  stimulus  increases  in  geometrical  progression,  then 
the  sensation  increases  in  simple  arithmetical  progression.  Eather, 
it  increases  as  the  logarithm  of  the  strength  of  the  stimulus,  (This  is 
Fechner's  psycho-physical  law.) 

5.  For  the  single,  specific  sense  apparatuses,  whenever  a  stimulus 
takes  place,  whether  at  the  peripheral  terminations  of  a  nerve  or  in 
its  course,  or  at  its  central  point,  the  individual  always  localizes  with 
his  perception  the  stimulus  at*  the  place  where  the  normai  stimulus 
operates.  That  is,  for  sight  and  hearing  he  refers  it  to  space;  for  the 
nerves  of  taste,  smell,  or  touch,  he  refers  it  tp  the  peripheral  regions 
of  his  body,  even  if  these  be  lacking.  Thus,  in  an  amputated  le^,  pain 
in  the  stump  is  referred  to  the  toes.  This  is  the  law  of  eccentric 
projection  of  sensation. 

Touch. 

The  organ  of  touch  is  represented  by  the  skin  and  mucous  mem- 
branes in  proximity  to  the  natural  orifices  of  the  body. 

The  skin,  or  common  integument,  is  composed  of  the  following 
layers:  (1)  the  epidermis;  (2)  the  corium,  or  cutis  vera,  with  its 
papillae;   and  (3)  the  subcutaneous  tissue  with  the  adipose  tissue. 

1.  The  Epidermis  belongs  to  the  tissues  which  are  composed  of 
simple  cells  united  to  each  other  by  cement-substance.  It  in  itself 
consists  of  several  lavers. 
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(a)  Stratum  Corneum. — This  is  the  superficial  horny  layer  and 
consists  of  several  layers  of  horny  scales,  without  any  nuclei.  The 
layers  are  separated  from  one  another  l)y  narrow  clefts  containing  air. 
They  are  in  a  process  of  desquamation.  The  variable  thickness  of 
the  epidermis  is  chiefly  dependent  upon  the  thickness  of  this  outer 
layer.  The  stratum  corneum  is  of  greater  thickness  on  the  palm  of 
the  hand  and  fingers,  and  sole  of  the  foot. 

(6)  The  stratum  lucidum  is  clear  and  transparent  and  consists 
of  a  few  la  vers  of  clear  cells  which  contain  but  the  remains  of  nuclei. 

(c)  Stratum  Granulosum, — Under  this  is  the  {d)  rete  muco- 
sum,  or  rete  Malpighii.  This  layer  consists  of  strata  of  nucleated, 
protoplasmic,  epithelial  cells.  In  the  colored  races  these  contain 
pigment.  Among  the  fair  races  this  layer  of  the  skin  of  the  scrotum 
and  anus  contains  pigment-granules.  The  deeper  cells  are  more  or 
less  polyhedral,  while  the  deepest  ones  are  columnar.  These  last  are 
placed  vertically  upon  the  papillae  and  are  provided  with  spherical 
nuclei.  Granular  leucocytes  or  wandering  cells  are  occasionally  found 
between  these  cells. 

The  superficial  layers  of  the  epidermis  are  continually  being 
thrown  oflf,  while  new  cells  are  just  as  rapidly  being  formed  in  the 
deep  layers.  Within  them  there  occurs  a  proliferation  of  the  cells  of 
the  rete  Malpighii.  Many  of  the  cells  exhibit  the  changes  of  karyo- 
kinesis.  No  pigment  is  formed  within  the  epidermis  itself.  But  in 
brunettes  and  colored  races  pigment  granules  of  melanin  exist  within 
the  cells  of  the  lowermost  layers  of  the  stratum  Malpighii.  The 
pigment-granules  owe  their  presence  here  to  their  having  been  car- 
ried thither  by  leucocytes  from  the  subcutaneous  tissue.  This  ex- 
plains how  a  piece  of  white  skin  transplanted  to  a  colored  person 
becomes  black. 

2.  The  Corinm,  or  ruii^  vera,  is  a  dense  network  of  fibrous  con- 
nective tissue  admixed  with  clastic  fib^Ts.  Its  entire  surface  is  studded 
with  numerous  j.apillo',  the  largest  of  which  are  upon  the  volar  surface 
of  the  hand  and  foot.  The  majority  of  the  papilla?  contain  a  looped 
capillary.  In  some  regions  of  the  surface  of  the  body  they  contain 
touch'Corpusclcs.  The  paj)illa^  are  arranged  in  groups  whose  disposi- 
tion varies  in  the  several  parts  of  the  body. 

The  lowennost  connective-tissue  lavers  of  the  corium  CTaduallv 
merge  into  the  suhnifatwo2is  iivtue.  Its  arrangement  is  such  as  to 
leave  spaces  which  contain,  for  the  most  part,  cells  of  fat.  The  sub- 
cutaneous connective  tissue,  composed  of  ordinary  connective  tissue, 
is  soft,  and  is  rich  in  adipose  cells,  vessels,  nerves,  and  lymphatics. 
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do  not  poBBees  such  elaborate  apparatus.  In  the  case  of  many  mnn, 
the  axis-cylinder  splits  up  into  fibrils  which  are  arranged  in  tiicfnrm 
i>f  a  network.  From  this  somewhat  deeply  placed  network  ven  fine 
librils  or  tibrilla}  are  given  off  to  terminate  in  the  tissues  to  bo  sup- 
plied. The  fibrillffi  have  their  terminus  in  free  ends  lying  betwwn 
the  epithelial  cells.  In  many  cases  the  free  ends  are  seen  to  be  pro- 
vided with  small  enlargements.  These  latter  are  known  a  laclHt 
cells. 

Knowledge  Gained. — By  the  sense  of  touch  one  feels  the  <-<'n- 
tact  of  bodies  and  their  temperature,  whether  those  bodies  be  solid, 
liquid,  or  gaseous.  This  special  sense  also  defines  at  the  same  linw 
the  locality  of  the  impression  made  by  the  external  agent.    The  judg- 


Vig.  208.— Knuse's  Corpuscle.     (Hedok.) 
a,  Herre  Bber.     b,  Corpuicle. 

nient  of  locality  is  not,  howt'vcr,  free  from  error.  It  is  really  exart 
for  but  a  few  points;  that  in,  wherever  the  touch  is  delicate,  "n 
ihe  other  parts  of  the  skin  the  individual  never  exactly  divines  the 
point  pressed  upon ;  bo  that  he  makes  mistakes  of  millimeters,  centi- 
meters, and  even  decimeters. 

In  sensory  nerrt-lrunks  there  exist  different  kinds  of  ncrvr- 
fibera;  some  administer  to  painful  impressions  and  others  to  tartik 
impressions.  Sensations  of  temperature,  sensations  of  pressure,  anil 
of  muscular  sense  belong  to  the  latter  group. 

There  iirc,  then,  four  sense  qualities  in  s  kin-sen  .sat  ions :  sensa- 
tions of  pain,  tempcrntiirc,  pressure,  and  mnscle-sense,  and  each  one 
has  its  own  nerve-fiber. 

Sense  Spots.— The  surface  of  the  skin  is  found  by  experimenta- 
tion to  he  composed  of  very  small  sensorial  areas.     Between  these 
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are  found  little  fields  which  are  insensitive  and  which  are  rela- 

much  larger  than  the  sensitive  areas,  or  "spots/'    It  has  been 

instrated  that  each  "spot''  has  its  own  specific  function  to  per- 

i,  whether  that  be  touch,  cold,  warmth,  or  pain.     Each  little 

itive  area  no  doubt  marks  the  site  of  single  or  groups  of  sensory 

mscles,   end-organs,   or  bulbs,  of   the   terminations   of   various 

ves.     Where  the  nerves  terminate,  there  are  the  sense-spots  rep- 

jnted  upon  the  skin's  surface. 

Some  one  has  very  aptly  likened  the  skin  with  its  sense-spots 

a  pond  upon  whose  surface,  as  well  as  just  below  the  same,  are 

sn  lily  leaves  floating.     The  leaves  represent  the  sense-spots.     A 

,bble  thrown  into  the  pond  may  strike  one  or  more  leaves^  depend- 
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Fig.  299. — Transverse  Section  of  Two  Grandry's  Corpuscles  from  the 

Tongue  of  a  Duck.     X  450.     (Sobotta.) 

One  of  the  corpuBcles  shows  two,  and  the  other,  four  tactile  ceUs.  mn, 
Medullated  nerve-flbers,  entering  the  corpuscle.  Tach,  Tactile  discs.  Tjr,  Tactile 
cells. 

ing  upon  how  close  together  they  are  growing.  The  pebble  repre- 
sents a  stimulus,  and  by  its  presence  temporarily  stirs  up  or  throws 
into  a  state  of  excitation  the  leaves  struck  as  well  as  some  of  tho.se 
adjacent. 

Upon  the  skin's  surface  may  be  demonstrated  "touch-spots," 
"cold-spots,"  "wannth-spots,"  and  "pain-spots."  These  are  all  mixed 
up,  though  those  of  one  kind  may  be  more  strongly  in  evidence  in 
certain  areas.  As  a  rule,  "pain-spots"  are  found  to  be  the  most 
numerous;   "warmth-spots"  are  the  least  likely  to  be  found. 

Solids. — These  act  upon  the  sense  of  touch  either  by  pressure 
or  bv  traction.  Pressure  mav  be  from  zero  to  a  maximum  whose 
limit  is  the  disorganization  of  the  tissues.  Up  to  a  certain  minimum, 
which  depends  upon  the  sensibility  of  the  region,  the  application  of 
pressure  excites  no  sensation.  The  minimum  pressure  corresponds 
to  the  sensation  of  simple  contact ;   this  by  degrees  gives  way  to  the 
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sensation  of  pressure.  When  the  pressure  is  sufficiently  increased 
there  results  pain.  This  in  turn  disappears  when  the  pressure  is 
increased  to  disorganization  of  the  tissues. 

Pressure  varies  not  only  in  intensity,  but  in  extent.  No  mat- 
ter how  the  latter  may  be  limited,  the  pressure  always  affects  at 
least  more  than  one  peripheral  nerve-ending. 

When  tactile  sensations  are  very  light  and  succeed  one  another 
rapidly,  a  large  number  of  nerves  is  stimulated.  The  sensation  ex- 
cited is  a  peculiar  one:  that  of  tickling. 

Traction  upon  the  hair  and  nails  determines  pain  much  more 
rapidly  than  does  pressure. 

Liquids. — Liquids  applied  at  the  temperature  of  the  skin  exer- 
cise a  uniform  pressure  upon  all  parts  of  the  cutaneous  surface 
excepting  those  at  the  level  of  the  surface  of  the  fluid. 

If  a  finger  be  plunged  into  a  heavy  fluid,  as  metallic  mercun, 
the  part  submerged  bears  a  pressure  which  decreases  from  below 
upward  uniformly.  It  is  only  at  the  surface  of  the  liquid  that  a 
marked  inccjuality  of  pressure  exists.  It  follows  a  circular  line 
which  surrounds  the  finger  at  this  level  and  can  be  plainly  felt  by 
the  individual.  If  a  lighter  fluid,  as  water,  be  used,  the  pressure 
sensation  is  but  very  slight. 

Compound  Tactile  Sensations. — These  may  be  simultaneous 
or  successive.     Simultaneous  tactile  sensation  mav  be  either  double 
or  multiple.     Double  sensations,  whether  of  contact,  pressure,  or 
traction,  are  shown  only  when  the  stimuli  are  applied  at  a  certain 
distance  from  one  another.     If  the  stimuli  be  near  enough,  the  sen- 
sation remains  single  even  though  the  stimulus  has  been  applied  to 
the  skin  in  two  places.     The  earliest  systematic  experiments  upon 
this  subject  were  by  Weber,     lie  touched  the  various  points  of  the 
skin\s  surface  with  a  pair  of  carpenters  compasses  and  then  observed 
the  distance  of  se])aration  necessary  to  give  a  distinct  impression  of 
two  points  of  contact.     The  instrument  now  used  for  this  purpose  i^^ 
the  wsihesiomeler.     From  the  table  compiled  by  \\^eber  it  is  found 
that  the  tip  of  the  tongue  is  most  sensitive,  while  the  thigh  and  arm 
are  least  so.     In  the  case  of  the  tongue,  the  threshold  stimulus,  the 
minimum  separation  necessary  for  the  impression  of  double  contact 
is  but  1.1  millinicter;    Qil.(^  millimeters  are  necessarv  in  the  case  of 
the  thigh  and  arm.     The  connection  between  the  mental  and  physical 
conditions  explains  certain  illusions  of  tactile  sensations.     Of  these, 
the  best  known  is  the  so-called  experiment  of  Aristotle.     When  a 
pea  or  small  ball  is  rolled  between  the  crossed  index  and  middle 
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in  which  their  excretory  duct  ends.  Their  size  is,  in  general,  in- 
verse to  the  volume  of  the  corresponding  liair-foilicle.  Where  the 
hairs  are  large  the  sebaceous  glands  seem  to  be  appendages,  and 
when  the  hairs  are  small  its  hair-follicle  seems  to  be  an  appendage 
of  the  sebaceous  gland.  The  glands  are  aciniform,  surrounded  by 
a  thin,  connective  tissue  with  a  basement  membrane  studded  with 
epithelial  cells  infiltrated  with  fat,  and  the  cells  are  more  fatty  in 
the  direction  of  the  excreting  duct,  where  is  found  free  fat,  due  to 
the  destruction  of  the  cells.  When  the  sebaceous  secretion  stagnates, 
it  forms  a  fatlike  mass  which,  when  expressed,  as  in  the  nose,  forms 
the  comedo,  a  wormlike  body.  The  black-heads,  as  they  are  called, 
{ire  dirt  in  the  surface  of  the  gland.  When  the  comedo  is  pressed 
out  of  the  duct  it  has  been  mistaken  as  the  head  of  the  worm.  The 
sebaceous  matter  contains,  even  in  healthy  individuals,  the  pimple- 
mite,  or  Demodex  folliculorum. 

There  are  three  varieties  of  sebaceous  secretions:  (1)  the  selwi- 
ceoua  secretion  proper  of  the  skin,  (2)  the  vernix  caseosa  of  the  new- 
born child,  and  (3)  the  smegma  of  Tyson's  glands  of  the  prepuce. 

Function. — The  sebaceous  matter  anoints  the  hairs  with  oil  in 
their  progress  of  growth  from  the  skin.  The  greasiness  of  the  sur- 
face of  the  skin  caused  by  this  secretion  permits  the  dust  readily  to 
adhere,  which  makes  soap  necessary  to  remove  its  excess.  Seba- 
ceous secretion  is  made  up  of  olein,  palmitin,  cholesterin,  and  earthy 
phosphates. 

The  organ  of  touch  is  also  protected  by  the  horny  layer  of  the 
epidermis,  whose  cells  are  being  constantly  removed  by  friction  and 
as  constantly  renewed  by  proliferation  of  the  cells  of  the  cutis  vera. 

The  modifications  of  the  epidermis  in  man  are  the  hair  and  the 
nails. 

Hair. — The  hairs  are  threadlike  appendages  to  the  skin  project- 
ing from  almost  every  part  of  its  surface  except  the  palms  and  soles. 
They  are  flexible,  elastic,  and  shining,  but  vary  in  degree  of  develop- 
ment, fineness,  color,  and  form  in  different  races  and  the  sexes  as 
well  as  in  different  persons.  The  color  of  the  hair  varies  from  a 
light  color  to  a  black.  The  black  hairs  are  found  in  all  parts  of  the 
globe  and  in  all  latitudes,  as  in  the  Esquimaux,  negro,  Indian,  and 
Malay.  All  the  colored  races  have  black  hair,  and  this  is  true  in 
some  grou])s  of  the  white  race.  Red  hair  is  represented  in  all  races. 
The  hair  is  composed  of  a  projecting  part,  the  stem,  terminated  by 
the  point,  or  end.  The  portion  inserted  into  the  skin  is  the  root, 
which  begins  in  a  clublike  expansion.     The  hairs  generally  project 
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obliquely  from  the  skin.  The  hairs  of  the  white  race  are  cylindrical; 
the  hair  of  the  negro  flattened  cylindrical.  In  structure  the  hairs 
consist  of  an  exterior  cuticle,  a  cortex,  and  an  interior  medulla. 
The  cuticle  consists  of  a  single  layer  of  thin,  colorless,  quadrilateral 
scales  which  overlap  like  the  shingles  of  a  roof.  The  edges  of  the 
scales  are  directed  upward  and  outward  along  the  shaft.  The  cortex 
makes  the  chief  part  of  the  hair,  and  it  is  that  upon  which  the  color 
of  the  hair  mainly  depends  in  different  individuals.  The  cortical 
layer  is  made  up  of  elongated,  fusiform  cells  containing  a  lineal 
nucleus.  When  the  coloring  matter  disappears  in  the  cortex  the  hair 
becomes  white.  The  medulla  is  frequently  absent,  especially  in  the 
dark-colored  hairs.  It  occupies  the  axis  of  the  hair.  It  consists  of 
cuboidal  cells  with  granular  contents  and  an  indistinct  nucleus.  The 
medullary  substance  is  generally  mingled  with  more  or  less  air,  in 
small  bubbles,  which  penetrates  from  the  ends  of  the  hairs  and  gives 
to  these  when  white  the  characteristic  silver  luster.  The  root  of  the 
hair  is  lodged  in  a  flask-shaped  receptacle  of  the  skin  called  the  hair- 
follicle,  at  the  bottom  of  which  is  a  papilla  from  which  the  hair 
grows.  "Goose-flesh*^  is  due  to  minute  muscles  contracting  and 
causing  the  hair-follicles  to  become  erect.  At  the  same  time  the 
sebaceous  glands  are  compressed,  favoring  the  exudation  of  the  seba- 
ceous secretion. 

Chemically,  the  hairs  are  mainly  composed  of  an  albuminoid 
derivative,  keratin,  in  which  a  notable  quantity  of  sulphur  is  present: 
about  5  per  cent.  In  the  ashes  are  found  the  phosphates,  earthy  sul- 
phates, oxide  of  iron,  and  pigment. 

Function. — The  large  hairs  serve  to  protect  the  skin,  breaking 
shocks  and  preventing  a  considerable  loss  of  heat.  In  other  places, 
like  the  armpits,  they  prevent  friction  and  attrition  of  the  skin 
layers.     The  downlike  hairs  render  the  touch  more  delicate. 

Nails. — The  nails  are  hard  appendages  of  the  skin,  and  corre- 
spond to  the  claws  of  animals.  They  are  flexible,  translucent, 
square-shaped  plates  continuous  with  the  epiderm  and  resting  on  a 
depressed  surface  of  the  dermis  called  the  matrix,  or  bed. 

The  exposed  part  of  the  nail  is  the  body  and  its  anterior  end  is 
its  free  border.  The  root  of  the  nail  is  lodged  in  a  deep  groove  of 
the  matrix  and  the  lateral  borders  are  received  into  shallow  grooves. 
The  half -moon,  or  lunule,  of  the  nail  is  due  to  a  less  degree  of  vascu- 
larity of  the  matrix  at  the  root,  defined  by  a  semicircular  line.  The 
horny  layer  corresponds  to  the  cuticle  of  the  epiderm,  and  is  com- 
posed of  flattened,  nucleated  cells.     The  soft  layer  of  the  nails,  the 


736  PHYSIOLOGY. 

stratum  mucosum,  corresponds  to  that  layer  of  the  epidtrm.  The 
nails  grow  in  length  by  new  cells  at  the  root,  in  thickness  by  addi- 
tions beneath  the  nail. 

The  nails  serve  to  protect  the  skin  at  the  tips  of  the  plialangeN 
and,  at  the  same  time,  perfect  the  touch  of  the  fleshy  parts  of  the 
fingers.  The  average  growth  of  the  nails  is  about  one-eighth  of  au 
inch  per  month. 


CHAPTER  XVI. 

SPECIAL  SENSES  (Continued.) 

THE  SENSE  OF  TASTE. 

Taste  is  an  organ  of  special  sense,  by  which  as  a  medium  the 
individual  perceives  savory  impressions.  Its  principal  uses  to  the 
economy  are  two:  First,  it  acts  as  a  guide  to  the  individual  in  his 
choice  of  food,  at  the  same  time  rendering  its  mastication  a  matter 
of  some  pleasure.  Secondly,  it  excites  the  salivary  glands  reflexly,  so 
that  they  pour  out  their  juices  into  the  mouth. 

The  organ  of  taste  is  seated  in  the  oral  cavity  and  in  the  mucous 
membrane  of  the  tongue.  Its  limits  are  not  well  defined.  The  diffi- 
culty in  their  determination  depends  upon  the  double  fact  that  these 
organs  of  taste  are  endowed  with  a  very  delicate  sensibility  of  a 
tactile  nature,  and  that  the  gustatory  sensibility  and  the  organ  of 
smell  are  in  very  close  proximity  to  one  another.  For  these  reasons 
one  may  very  easily  believe  that  certain  regions  of  his  mouth  are 
gustatory,  when  in  reality  the  substances  which  have  touched  them 
have  only  produced  tactile  or  olfactory  impressions. 

Still  it  has  been  shown  that  the  principal  regions  of  the  oral 
mucous  membrane  designed  to  perceive  taste-impressions  are  at  the 
base  and  edges  of  the  tongue.  In  a  secondary  degree,  also,  gustatory 
impressions  are  perceived  in  the  anterior  surface  and  edge  of  the 
soft  palate,  and  the  anterior  j)ortion  of  the  tcmgue.  All  other  por- 
tions of  the  mouth  are  incapable  of  taste-impressions. 

The  Tongue. — The  principal  organ  of  the  sense  of  taste  is  un- 
doubtedly the  tongue.  Its  anatomical  structure  as  a  muscular  organ 
has  already  been  described  when  discussing  deglutition  and  the  part 
it  played  in  the  role  of  that  important  function.  At  this  time  it 
remains  but  to  review  such  portions  as  have  a  direct  bearing  upon 
its  role  as  a  gustatory  member. 

There  are  three  kinds  of  papilla?  in  the  mucous  membrane  of 
the  tongue:  the  circumvallate,  fungiform,  and  filiform.  They  extend 
from  the  tip  of  the  tongue  to  the  foramen  caecum.  The  papilla*  con- 
sist of  elevations,  visible  to  the  naked  eve  and  covered  with  strati- 
fied,  squamous  epithelium.  The  central  body  of  each  papilla  eon- 
tains  connective  tissue,  blood-  and  lymph-vessels,  and  nerves. 
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The  circumvallate  papill»,  the  largest  of  the  varieties  and  about 
a  dozen  in  number,  form  a  V-like  row,  defining  the  papillary  layer 
at  the  posterior  third  of  the  tongue.  They  have  the  form  of  an 
inverted  cone  surrounded  by  a  ringlike  wall-elevation. 

The  fungiform  are  next  in  size,  and  more  numerous  than  the 
circumvallate.  They  are  small,  red  eminences  scattered  over  the  sur- 
face of  the  tongue,  but  are  especially  numerous  at  and  near  the  tip. 
They  are  rounded  at  the  free  extremity  and  narrower  at  the  point  of 
attachment  to  the  tongue. 

The  filiform  papillae,  smaller  and  more  numerous  than  the 
others,  are  crowded  in  the  spaces  between  the  others,  but  are  ar- 
ranged in  rows  diverging  from  the  median  line  of  the  tongue. 

Nerves. — The  tongue  receives  three  nerves :  one  of  motion,  the 
hypoglossal^  which  animates  the  muscles;  and  two  other  sen^trnj 
branches — the  lingual  branch  of  the  glosso-pharynge^l  and  the  lingual 
branch  of  the  trigeminus.  The  former  of  the  latter  two  branches 
spreads  in  the  mucous  membrane  at  the  base  and  edges  of  the  tongue; 
the  latter  is  distributed  to  the  mucous  membrane  of  the  anterior  two- 
thirds  of  the  tongue.  The  branches  of  the  glo8so-phar}'ngeal  are 
especially  concerned  in  sensations  of  bitterness,  while  the  branches  of 
the  trigeminus  are  affected  principally  by  sweet  and  acid  tastes. 

Section  of  the  hypoglossal  upon  both  sides  causes  paralysis  of  the 
tongue  without  injuring  its  tactile  or  gustatory  sensibilities.  Section 
of  the  lingual  branch  of  the  trigeminus  causes  only  loss  of  fine  tactile 
8en^ibility  and  gustatory  sensibility  of  the  anterior  two-thirds  of 
the  tongue. 

Section  of  the  glosso-pharyngeal  causes  loss  of  tactile  and  gusta- 
tory sensibility  in  the  mucous  membrane  at  the  base  of  the  tongue. 
Such  an  animal  can  swallow  bitter  and  nauseous  substances,  like 
colocynth,  with  impunity. 

The  gustatory  action  of  the  lingual  branch  of  the  trigeminus 
comes  from  the  chorda  tympani.  The  latter  is  a  small  nerve  which 
begins  in  the  facial  and  traverses  the  middle  ear  to  join  the  lingual 
branch  at  the  level  of  the  pterygoid  muscles. 

The  chorda  tyiii])ani  nerve  passes  from  the  tongue  to  the  norvt^ 
centers  llu'()ii<rh  the  lingual  nerve,  the  facial,  and  finally  through  the 
intermodiato  nerve  of  Wrisberg. 

Taste-organs. — The  terminal  branches  of  the  glosso-phar}'ngeal 
nerve  end  in  the  iasfe-hulhs.  The  taste-bulbs  are  oval  bodies  imbedded 
in  the  epithelial  layer.  Each  taste-bulb  is  formed  of  two  kinds  of 
elongated  epithelial  cells,  and  their  whole  outline  is  barrel-shaped. 
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evaporation  of  the  volatile  fluids.  In  one  glass  bulb  is  placed  chloro- 
form as  a  sweet  substance  to  be  tasted;  in  the  other  glass  bulb, 
ether,  to  represent  a  bitter-tasting  substance.  To  the  exit  tubes  of 
each  glass  bulb  are  attached,  by  rubber  tubes,  two  tubes  of  glass 
drawn  to  a  fine  point.  A  spring  clip  is  placed  on  each  rubber  con- 
necting-tube. When  the  apparatus  is  to  be  used,  the  Richardson 
rubber  bulb  is  compressed  and  air  is  driven  through  one  or  the  other 
glass  bulb.  By  this  means  we  can,  at  our  pleasure,  test  for  bitter 
or  sweet  substances.  Even  acetic  acid  can  be  placed  in  one  of  the 
bulbs,  to  test  the  taste  for  acids. 

The  pointed  glass  tubes  must  be  brought  near  the  point  on  the 
tongue  to  be  tested,  but  they  must  not  touch  it. 

Sternberg  has  also  constructed  a  quantitative  gustometer,  on  the 
same  principle  as  the  olfactometer  of  Zwaardemaker. 
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are,  for  the  most  part,  confined  to  this  latter  region.  The  macous 
membrane  which  covers  thia  portion  of  the  nasal  cavity  ie,  in  struc- 
ture and  appearance,  very  similar  to  that  of  the  trachea.  It  is  com- 
poiied  of  layers  of  ciliated  epithelium  which  rest  upon  a  basement 
membrane  rich  in  blood-vessels  and  lymphatics.  Among  the  ciliated 
cells  are  found  numerous  gob'et  and  mucous  cells,  whose  secretions 
keep  the  surface  of  the  mucous  membrane  soft  and  moist.  In  it  are 
numerous  filaments  of  the  trigeminus,  which  endow  it  with  tactile 


Fig.  304.     (Bishop.) 

Middle  turbinated  boiy  turned  aalde  and  held  bj  a  hook.     2.  Null  duet 

Btvei.    3.  Canal  leading  to  Itae  raaTlllary  and  frontal  ainuaea.     i,   Inrerlor 

bod  J  Bbowlnf  the  localiaa  of  the  moutb  o(  the  nasal  duct  la  the 

sensibility.     There  are  ru)  filaments  of  the  olfactory  nerve  in  this 
region. 

The  olfactory  mucovs  membrane  is  thicker  than  that  of  the 
respiratory  portion.  To  the  naked  eye  it  presents  a  yellow  or  brown- 
yellow  color  because  of  the  pigment  contained  within  it.  By  reason 
of  its  color  it  is  very  readily  distinguished  from  that  of  the  Schneider- 
ian  membrane.  Its  surface  is  covered  by  a  single  layer  of  ct/Undrical 
epithelium  whose  cells  are  often  branched  at  their  lower  ends. 
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The  olfactory  region  contains  the  olfactory  cells.  These  poe«e«r 
a  body  of  spindle  shape  with  a  large  nucleus  containing  nucleoli.  In 
the  deeper  part  the  olfactory  cells  pasa  into  and  become  continuoiu 
with  fine  fibers.    These  last  pass  into  the  olfactory  ncn^e. 

The  olfactory,  the  nerve  of  smell,  issues  bv  two  roots,  each  fMin 
the  corresponding  hemisphere.  The  fibers  are  composed  of  nidul- 
Jated  and  nonmedutiated  fibers. 

These  latter  fibers  proceed  from  the  olfactory  bulb. 


Fig.  .10.5.— Diagram  of  llie  Connections  of  Cells  nnd  T'iWts  in  the 
Olfai-tory  Bulb.     1S<h.\fer,  in  Quain'a  Anatomy.) 

o7/.r.  C*lla  of  Ihe  oltaciorj'  mutouH  membran*.  olfi.  Deepfet  lajer  of  111* 
ulb.  fompoBtd  of  Ibc  olfactory  nerve-Bber*  which  are  prolonged  from  the  oHar- 
iry  cclla.  gl,  Olfaclory  glomeruli.  conUlDlDg  srborlutioa  of  tbe  olficUrr 
nrve-flbprs  and  of  tbe  dcndrona  of  the  mitral  cells,  mr,  mitral  tclla.  a.  Thin 
lis-cylind.r  prorrss  pseBing  toward  the  nervp-Bber  lajfr,  n-tr.  of  tbe  bulb  W 
■come  conllnuouB  with  flliEra  of  Iho  olfaclory  tract:     Iheae  axis-cylinder  pro.;- 

ycrs  of  th"  bulb,     «',  A  nerve-flbfr  from  the  olfactory  Irncl  ramifying  In  Ibf 


The  olfactory  liiiHi  i^  a  part  of  the  cerebral  cortex  and  is  an  oval 
or  chib-sbaprd  mass  of  prHv  matter  which  rests  on  the  cribrifonii 
plate  of  the  othmnitJ  l>nne.  through  the  foramen  of  which  it  is  con- 
nected with  tile  olfaclory  nerves.  The  olfactorj'  norve!i  are  twenty 
in  number  and  are  the  central  coursing  of  the  neurajons  of  the  md- 
i-hiipcd  nlfiictory  nerve-cells  in  the  olfactory  region  of  tbe  nose.  Tlicy 
pass  through  tbe  openings  in  the  cribrifomi  plate  and  terminate  in 
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iBiTborizations  about  the  dendrons  of  the  mitral  cells  of  the  olfactory 
glomeruli.  These  bipolar  cells  greatly  resemble  the  cells  of  a  gan- 
glion of  a  posterior  root  of  the  spinal  cord,  one  neuraxon  going  to  the 
olfactory  mucous  membrane  and  the  central  neuraxon  going  to  the 
olfactory  bulb. 

The  olfactory  bulb  from  without  inward  consists  of  four  layers: — 

1.  The  nerve-fibers. 

2.  Stratum  glomerulosum. 

3.  Stratum  gelatinosum. 

4.  Layer  of  central  nerve-fibers. 

In  the  first  layer  each  fibril  is  a  central  neuraxon  of  a  rod-shaped 
nerve-cell  from  the  olfactory  mucous  membrane.  The  fibers  of  the 
olfactory  nerves  pass  into  the  glomeruli  lying  beneath.  Within  the 
glomerulus  the  endings  of  the  olfactory  fibrils  come  in  contact  with 
an  olfactory  end-brush  of  an  apical  dendron  of  a  mitral  cell. 

In  the  stratum  glomerulosum  each  glomerulus  consists  of  the 
terminal  arborizations  of  an  olfactory  nerve-fiber,  together  with  the 
olfactory  end-brushes  from  the  apical  dendrons  of  the  mitral  cells. 

The  stratum  gelatinosum  in  its  inner  part  contains  two  chief 
forms  of  cells:  the  deep  and  superficial  layers  of  mitral  cells  which 
correspond  to  the  pyramidal  cells  of  the  cerebral  cortex. 

The  fourth  layer  in  its  outer  part  has  a  large  number  of  very 
small  granular  cells  between  which  pass  the  descending  neuraxons  of 
the  mitral  cells.  The  nerve-fibers  of  the  olfactory  bulbs  collect  at 
their  posterior  extremities  into  two  bundles:  the  olfactory  tracts. 
The  outer  root-fibers  of  the  olfactorv  tract  come  into  relation  with 
the  gyrus  hippocampus,  the  uncus,  and  cornu  ammonis.  The  inner 
root-fibers  pass  into  the  gyrus  fornicatus. 

Olfactory  Sensations. — The  student,  in  order  to  obtain  clear-cut 
ideas  as  to  the  mechanism  of  the  special  sense  of  smell,  should  bear 
in  mind  the  principle  of  the  arrangement  of  the  olfactory  nerve- 
terminations.  It  is  recalled  that  within  the  mucous  membrane  lie 
the  olfactory  cells.  From  the  perij>heral  end  of  each  cell  project 
seven  or  eight  ciliumlike  processes.  These  not  only  project  to  the 
surface  of  the  mucous  membrane,  but  even  to  the  surface  of  the  serous 
fluid  moistening  the  membrane.  Thus,  the  terminal  filaments  are 
placed  in  an  exposed  position  so  that  they  may  \Qry  readily  respond 
to  anv  irritant. 

The  proper  stimulus  for  olfactory-nerve  filaments  are  odorous 
suhstanres  which  reach  the  regio  olfactor'a  through  the  air  and  must 
be  in  a  volatile  state.     Hence^  olfactory  sensations  are  i)roduced  by 
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Tolatile^  odorous  particles  comiDg  into  direct  contact  with  the  expo^ 
nerve-filaments  during  the  act  of  inspiration.  As  the  regio  ollactorui 
is  in  the  highest  position  of  the  nasal  cavity,  it  becomes  necessar}*  for 
the  individual  to  cause  the  inspired  air  forcibly  to  reach  this  area. 
This  is  accomplished  by  an  act  ordinarily  known  as  '^sniffing." 

During  ordinary  respiration  the  inspired  and  expired  air  course 
along  close  to  the  septimi  and  below  the  inferior  turbinated  bone. 
Should  the  respired  air  be  heavily  charged  with  odorous  particle?,  of 
course  some  will  find  their  way  into  the  regio  olfactoria,  as  the  air 
in  this  compartment  is  gradually  changed.  There  will  then  result 
a  sensation  of  smell,  but  it  will  be  faint  and  not  so  sharply  defined 
as  when  the  person  sniffs.  By  the  latter  process  the  air  is  changed 
more  quickly  and  a  greater  number  of  volatile  particles  irritate  the 
exposed  nerve-endings,  with  the  result  of  a  sharply  defined  sensation. 
The  sensation  seems  to  occur  at  the  first  moment  of  contact  of  the 
odorous  particles  with  the  mucous  membrane.  The  olfactory  nerve 
tires  very  quickly  when  an  odor  acts  for  a  certain  time;  the  effeit 
becomes  weaker  and  weaker  little  by  little,  until  the  odor  is  finally 
unperceived. 

Should  the  free  movement  of  the  air  be  prevented — as,  for 
example,  when  nasal  catarrh  brings  on  a  tumefaction  of  the  mucouj? 
membrane  of  the  inferior  turbinate, — the  odorous  impression  cannot 
take  place. 

In  case  many  different  odors  act  simultaneously  upon  one  na?al 
cavity,  the  individual  receives  a  mixed  sensation.  Should  but  two 
odors  act,  the  one  is  perceived  on  the  right  half  of  the  mucous  mem- 
brane of  the  cavity,  the  other  upon  the  left  half.  This  is  not  a 
true  mixture,  for  the  person  perceives  slightly  the  one  odor  and 
slightly  the  other.  One  part  of  vanillin  to  10,000,000  can  be  recog- 
nized by  the  sense  of  smell. 

Secondauy  Sensation. — The  olfactory  impression  having  been 
made,  the  secondary  after-sensation  often  remains  for  a  long  time. 
This  is  particularly  the  case  with  strong,  disagreeable  odors.  This 
phenomenon  is  explained  on  the  supposition  that  the  odorous  parti- 
cles remain  in  the  cavitv  of  the  nose,  even  in  the  air.  It  is  not 
believed  that  the  manifestation  is  due  to  persistence  of  excitation  of 
the  olfactory  nerve-fibers  after  the  stimulus  has  been  removed. 

There  are  subjective  olfactory  sensation's  which  are  true  hallucina- 
tions. They  are  often  met  with  in  demented,  in  hysterical,  or  in 
pregnant  women.  These  sensations  owe  their  existence  to  some 
material  alteration  of  the  nervous  apparatus. 
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From  impressions  truly  olfactory  it  becomes  necessary  to  dis- 
tinguish the  gustatory  as  well  as  tactile  or  irritative  sensations  upon 
the  nasal  mucous  membrane.  The  irritation  and  even  pain  produced 
by  the  vapors  of  ammonia  often  lead  it  to  be  improperly  classed  as 
**having  a  bad  odor/*  Experimentally,  a  dog  with  both  olfactories 
divided  alwavs  starts  from  the  odor  of  ammonia  or  of  acetic  acid. 
This  is  due  to  painful  stimulation  of  his  Schncidcrian  membrane, 
which  gets  its  sensory  nerve-filaments  from  the  second  branch  of  the 
trigeminus. 

Uses. — The  organ  of  smell  represents  an  advance  sentinel  for 
the  functions  of  respiration  and  alimentation.  Among  the  lower 
animals  it  serves  for  the  recognition  of  sex. 


Fig.  306. — Zwaardcniakcr's  Olfartonieter.  ( Tigerstedt. )  (From 
Tigerstedt's  "Human  Phyaiology,"  copyright,  1906,  by  D.  Appleton  and 
Company. ) 

Hyperosmia  and  Anosmia. — Hypcrosmia,  or  increased  sensitive- 
ness of  smell,  is  a  common  condition.  It  is  very  apt  to  be  found 
among  the  hysterical  and  in  many  other  nervous  disorders.  Strych- 
nine is  one  of  the  drugs  which  is  capable  of  producing  this  condition 
when  it  is  applied  locally  in  solution. 

Anosmia  is  a  term  used  to  designate  a  condition  which  is  the 
reverse  of  the  beforementioned.  It  may  be  complete,  when  it  is 
usually  congenital.  In  such  a  case  the  olfactory  nerves  are  absent. 
It  is  more  usual,  however,  to  find  the  condition  partial  Its  causes 
may  be  stenosis  of  the  nasal  cavities,  disease  of  the  olfactory  mucous 
membrane,  or  nervous  diseases.  Strvchnine  often  relieves  the  con- 
dition. 

The  local  application  of  a  dilute  solution  of  8tr}Thnia  heightens 
the  sense  of  smell  (hyperosmia).     Smoking,  the  local  application  of 
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morphia  and  cocain  produce  partial  loss  of   the   sense  of  smell 
(anosmia). 

Certain  odors  can  antagonize  another  odor  when  perceived  hv 
separate  nostrils,  so  that  no  odor  is  perceived,  as  acetic  acid  ami 
ammonia.  There  is  also  a  relationship  between  smell  and  the 
chemico-physical  properties  of  odors ;  it  follows  the  periodic  law  of 
Mendelejeff. 

The  Center  of  Smell  lies  in  the  tip  of  the  uncinate  gyrus  upon 
the  inner  surface  of  the  cerebral  hemisphere. 

Zwaardemaker's  Olfactometer. — Rubber  tubing,  two  inches  in 
length,  is  fitted  inside  a  glass  tube,  which  prevents  any  particles  of 
odor  leaving  its  surface.  Another  glass  tube  is  closely  fitted  inside 
the  rubber  tube.  When  the  inner  glass  is  drawn  out  .7  centimeters, 
then  a  normal  person  can  perceive  the  odor  of  rubber,  when 
air  is  drawn  through  the  inner  graduated  glass  tul)e.  Hence  the 
inner  glass  rod  was  graduated  in  degrees  of  .7  centimeters.  If  a  man 
'can  only  perceive  rubber  at  1.4  centimeters,  he  has  only  half  normal 
olfaction;  but  in  certain  cases  of  considerable  want  of  olfaction  the 
odor  of  rubber  is  not  strong  enough  to  be  perceived.  Here  he  used 
a  tube  of  "gutta  percha  ammoniacum,"  which  is  twenty-four  times 
more  powerful  as  a  stimulus  than  india  rubber.  It  was  found,  in 
many  cases  of  anosmia,  that  certain  odors  might  be  smelt  to  a  nor- 
mal extent,  whilst  others  barely  stimulated  the  olfactory  organs. 


CHAPTER  XVIII. 

SPECIAL  SEN5E5  (Continued.) 

THE  SENSE  OF  HEARING. 

By  means  of  the  special  sense  of  hearing  the  individual  gains 
knowledge  of  a  kind  differing  from  the  just-mentioned  senses.  It 
does  not  tell  him  what  is  going  on  in  the  outer  world  by  actual  con- 
tact, as  in  touch  or  taste;  nor  yet  by  particles  of  matter  impinging 
upon  the  exposed  end  of  nerve-filaments,  as  in  the  sense  of  smell. 
In  the  special  sense  of  hearing  the  impressions  conveyed  to  the  cen- 
tral nervous  system  are  produced  by  wavelike  vibrations  in  the  sur- 
rounding air.  For  the  reception  of  these  vibrations,  so  that  they 
may  be  properly  interpreted  and  the  corresponding  impressions  con- 
veyed to  the  brain,  it  becomes  necessary  to  have  a  special  sense- 
organ  :  the  ear. 

The  Ear. 

The  organ  of  hearing  in  its  greatest  simplicity  may  be  repre- 
sented by  a  small  membrane  stretched  like  a  drumhead  over  the 
bottom  of  a  funnel-shaped  tube.  The  tube  opens  upon  the  surface 
of  the  body  so  that  it  is  in  direct  communication  with  the  enveloping 
atmosphere.  The  membrane  is  so  disposed  that  it  is  readily  thrown 
into  vibrations  when  the  external  air  becomes  undulatory  as  the 
result  of  vibrations  of  some  bod  v.  Its  vibrations  are  communicated 
to  an  inner  vesicle  that  is  filled  with  a  liquid.  The  licjuid  is  like- 
wise thrown  into  waves  whoso  undulations  stimulate  the  ramifica- 
tions of  the  auditory  nerve  which  are  spread  out  upon  the  walls  of 
the  vibrating  vesicle. 

Anatomy. — The  apparatus  for  hearing  is  composed  of  three 
parts:   external  ear,  middle  ear,  and  internal  ear. 

ExTKRXAL  Eak. — Tho  external  ear  is  composed  of  the  auricle 
and  external  auditory  meatus. 

The  auricle  has  the  fonn  of  an  irregularly  shaped  sliell.  It  is 
composed  of  yellow,  elastic  cartilage  which  is  covered  over  with  skin. 
From  its  shape  one  might  readily  believe  that  the  function  of  the 
auricle  is  to  collect  and  reflect  sound-waves  into  the  auricle:  that  is, 
to  behave  in  the  capacity  of  an  ear-trumpet.     But  it  is  found  that 
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membrana  tjanpani  to  the  oval  vindow.  Id  number  they  are  three : 
the  malletis,  or  mallet;  the  incus,  or  anvil;  and  the  stapes,  or  stirrup. 
The  three  ossicles  form  a  chain  suspended  across  the  cavity  of  the 
tympanum.  The  handle  of  the  malleus  is  inserted  into  the  tym- 
panic membrane;  the  base  of  the  stirrup  is  applied  to  the  oval  win- 
dow. Between  these  two  ossicles  is  suspended  the  incus.  The 
ossicles  have  joints  which  are  lined  with  synovial  membrane;  there 
are  present  suitable  ligaments. 

The  mucous  memirane  of  the  tympanum  is  very  thin,  and  either 
white  or  rose-colored.     It  envelops  the  chain  of  ossicles. 


fig.  310. — Scheme  ot  the  Organ  of  Hearing.    (La-tdoib.) 

AO,  Eilsraal  audltorr  mealui.  T,  Tjrapaiilc  membrase.  K,  MAtteiu  Tllh 
It*  head  Ik),  (bort  process  (H/).  tai  haaflle  (m).  a,  luciu,  wltb  Id  ibort 
proceu  <»  and  Ions  proceu;  Ibe  latter  la  unltEd  to  tbe  lUpea  (■).  P,  Mtddla 
anr.  o,  OteI  window,  r,  Sound  wlcdow.  e,  BeglnnlnB  ot  tbe  lamlii&  ■piralls 
ot  tba  cocblea.  pt.  Iti  acala  tjtnpaDl.  vt.  lU  tola  vntlbnll.  7,  Veatlbidfl. 
8.  Saccule.  II,  Tubercle.  B,  Samiclrcular  ca^aU.  TE,  Bustacblui  tuba.  Ttaa 
Ian(  arrow  Indlcalea  the  Iloe  ot  tnu:tloD  ot  tba  tenior  trmpanti  Iba  abort 
curbed  one  tb&t  oC  tbe  aupedlua. 

The  Eustachian  tube  is  composed  of  a  bony  and  a  cartila^noua 
part.  The  canal  opens  at  the  anterior  upper  part  of  the  tympanum; 
its  pharyngeal  orifice  is  situated  ten  millimeters  behind  the  posterior 
extremity  of  the  nasal  fossa. 

The  Bony  Labyrinth,  oh  Internal  Ear. — This  structure  is 
imbedded  within  the  substance  of  the  petrous  portion  of  the  tem- 
poral bone.  Its  long  axis  lies  in  a  position  parallel  with  that  of  the 
bone.  The  labyrinth  is  composed  of  three  portions:  vestibuU,  semi- 
eireular  canals,  and  cochlea. 
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the  basilar  membrane  and  axis-cylinder  of  the  terminal  cochlear 
braii(!he8  of  the  auditory  nerve. 

3.  A  Granular  Layer  composed  of  rounded  cells. 

4.  Cells  in  the  sulcus  spiralis  which  are  cubical  in  shape. 

5.  The  External  Auditory  Cells,  whose  structure  and  arrange- 
ment are  rery  similar  to  the  internal  cells  just  mentioned. 

6.  The  Cells  of  Deiters,  Henaen,  and  Claitdiua,  which  make  a 
[irominence  upon  the  interior  of  the  cochlear  canal. 


— Ncction  o(  the  Ductui  Cochlearis  and  the  Orgnn  of  Corti. 
(After  Lanmhs.) 


y.   Cocbl«r  De 

rve.     K.    Inner,    and   P.    oaler,    h»1r-ciill«. 

H.   NerTB-flbTlla 

Icua  ■pLralli.     a, 

Inner  rod  of  Cortl. 

Mb.  OorU,  ngmbnpe  ot  CorU,  or  Oi«  mei 

mbrana  lectoria. 

0.  'I'lie  mcmbnna 

retlcularli.     B,  O,  Cell!  flUlns  up  tha  ipaci 

I  near  tbe  outer 

7.  Reticular  Membrane. — The  membrana  reticularis  is  formed 
by  the  superior  exfremity  of  the  cells  of  Deiters.  It  possesses  lacunffi 
which  allow  the  passage  of  cilia  of  the  cells. 

8.  The  Membrane  of  Corlx,  or  membrana  tectoria,  is  a  soft,  thick 
membrane  which  covers  the  spiral  groove  and  organ  of  Corti.  Be- 
neath it  adheres  to  the  cilia  of  the  auditory  cells. 

Auditory  Nerve. — The  auditory  nerve  oonsista  of  two  parts :  the 
cochlear,  the  hearing  part,  and  the  vestibular,  the  tonus  part.  The 
cochlear  part  arises  in  the  spiral  ganglion  of  the  cochlea,  and,  like  a 
posterior  root  ganglion,  sends  a  branch  to  the  auditory  cells  in  the 
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orgKn  of  Corti  uid  a  central  branch  to  the  cochlear  nodent  in  the 
medulla.  The  cochlear  nuclena  consists  of  two  parts:  the  aeami] 
nucleus  and  the  tabercolnm  acosticum.  Hence  the  firat  □ennm  ei- 
tends  from  the  spiral  ganglion  to  the  cochlear  nncleus ;  then  Hit 
two  dlTisions  of  the  cochlear  nucleus — the   acceaeory  nscleni  ind 


EYt. 
I. 


Fig.  314. — Connections  of  Cochlea  with  Central   NerroiiB  System. 
(Patok.) 

Cork.R,  Cochlear  root  ol  et(htl>  neire.  S.iee,  Taberculum  BcuMlcnn  u4 
nucleui  mccesaorlua  ■endlni  flbcn  to  the  cerebram  (C.fl.)  and  to  aculo-mator 
mechaiilam  (ff.FJ.). 

tubereulum  acusticuni — send  out  neuraxons  to  the  superior  oUw: 
here  they  are  second  neurons.  The  superior  olive  sends  out  neuraxoiu 
to  the  lateral  fillet ;  here  the  third  neuraxons  make  up  chiefly  tbe 
lateral' fillet  fibers.  These  go  to  the  posterior  corpora  quadrigemiu 
and  finally  are  connected  with  the  seat  of  bearing  in  the  first  tem- 
poral convolution. 

The  vestibular  root  arises  in  Scarpa's  gaOf^ioD-oella  of  tibe  kbv- 
rinth  and  goes  to  the  vestibular  nucleus. 
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The  vestibnUr  nncleiiB  is  composed  of  the  medial,  the  lateral, 

r  Deiten*!,  the  superior,  or  Bechterew'a,  and  the  nncleiu  of  the 

eseending  root.     There   are   connections  between   the  nnclena   of 

teitera  and  the  nucleus  fastigii  of  the  cerebellum.    Deiters'i  Duclens 

C.V 


Fig.  315. — Connections  of  Semi-circular  Canals  witli  Central  Nerraus 
SyBtem.  (  Pato:i.  ) 
Ta.R,  Vcatlbnlsr  root  of  elgbth  nerre  ipndlDs  flbcn  to  C.S  (cerebrum)  sod 
C.B.L  (earabtllam)  dowiiiMr<li  to  canter  In  medullm  ablonfats  IMtdi,  and  t« 
Daltera's  Buclens  (W.Od(>,  (mm  which  Bben  pan  to  oculo-notor  moehanism 
(W.Ft)  and  to  center  In  the  anuiior  bom  at  tbe  splnsl  cord. 

1  ctMtnected  with  the  Testibnlo^spinal  tract  which  runa  down  the  cord 
o  the  anterior  horns.  Fibers  from  the  cerebellar  nuclei  go  by  the 
nperior  cerebellar  peduncle  and  the  red  nucleoa,  and  ead  in  the 
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cortex  of  the  parietal  and  central  convolutions.  Some  fibers  from 
the  nucleus  of  Deiters  and  of  Bechterew  go  by  the  posterior  longi- 
tudinal bundle  to  the  nuclei  of  the  motor  nerves  of  the  eye.  (See 
equilibratory  center  of  Mills.) 

The  cochlear  nerve  is  the  nerve  concerned  in  hearing. 

The  vestibular  nerve  is  the  nerve  concerned  in  equilibration.  It 
does  not  have  anything  to  do  with  hearing. 

Membrana  Tympani. — The  membrana  tympani  is  an  elastic, 
very  vascular  membrane,  which  protects  the  delicate  organs  of  the 
middle  ear  against  the  action  of  cold  coming  in  from  the  extenial 
ear.  It  is  also  specially  endowed  with  a  specific  sensibility  for  the 
contact  of  special  agents,  as  the  scratchings  of  an  insect  on  its  surface 
cause  a  peculiar  auditory  sensation.  The  membrana  tympani  is  of 
variable  size,  according  to  the  species  of  animal,  and  is  adapted  to 
receive  low  and  high  sounds.  It  is  of  circular  form,  and  attached 
by  its  borders  upon  a  bony  circle,  the  tympanic  circle.  Its  direction 
is  peculiar.  It  cuts  obliquely  the  axis  of  the  external  auditory 
meatus  and  this  obliquity  is  favorable  to  the  impact  of  soimd-waTca. 
It  is  depressed  and  becomes  prominent  in  the  middle,  having  the 
arrangement  of  a  depressed  cone.  Under  the  shock  of  sound-waves 
the  membrana  tympani  vibrates  for  all  sounds  in  the  range  of  pe^ 
ceptible  sounds.  Its  vibration  can  be  measured  by  a  water  mano- 
meter inserted  into  the  external  auditory  canal. 

Accommodation  of  Membrana  Tympani, — Since  the  membrana 
tympani  vibrates  in  unison  with  all  the  external  sounds  which  strike 
it,  it  is  inferrable  that  there  is  a  means  capable  of  regulating  the 
tension  of  this  membrane.  The  shape  of  the  tympanic  membrane 
is  peculiarly  adapted  for  transforming  weak  movements  of  wide 
amplitude  into  strong  ones  of  wide  compass.  For  it  is  not  simply  a 
depressed  cone,  but  the  radii  are  slightly  curved  with  the  convexity 
outward,  a  shape  mainly  caused  by  the  elastic  fibers  maintaining  a 
tension  on  its  inner  surface,  these  being  most  numerous  toward  the 
circumference.  The  principal  regulator  of  the  tension  is  the  tensor 
tympani.  The  membrane  of  the  tympanum  has  no  definite  funda- 
mental tone;  it  vibrates  indifferently  to  every  sound.  The  mem- 
brana tympani  is  tense  for  high  sounds  and  relaxed  for  low  sounds, 
but  these  changes  in  tension  are  chiefly  for  the  intensity  of  sound 
rather  than  their  height,  so  as  to  offer  a  resistance  to  the  shock  of 
sound-waves  and  obviate  the  effect  of  this  shock  upon  the  deep  and 
delicate  structure  of  the  ear. 

The  adherence  of  the  membrana  tympani  to  the  handle  of  the 
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the  handle  of  the  malleus,  also  passes  inward,  from  the  fact  that  the 
head  of  the  malleus  pulls  the  articulating  surface  of  the  incus  out- 
ward. The  long  process  of  the  incus  and  the  handle  of  the  malleus 
vibrate  in  the  same  direction.  When  the  long  process  of  the  incw 
moves  inward  it  gives  an  impression  to  the  stapes,  with  which  it 
tirticulates  almost  at  right  angles.  The  stapes  cannot  be  torn  out 
of  the  oval  window  by  the  Sigl6  pneumatic  speculum  when  the  tym- 
panic membrane  is  drawn  outward,  as  the  incus  only  follows  the 
malleus  for  a  certain  distance,  the  malleus  sliding  in  the  joint  to 
complete  its  motion.  The  malleus  and  incus  are  fixed  by  ligaments 
in  such  a  way  that  motion  is  only  possible  in  to-and-fro  vibrations 
around  the  so-called  axis  of  rotation,  one  end  of  which  is  found  at 
the  origin  of  the  anterior  part  of  the  anterior  ligament  of  the 
malleus,  and  the  other  end  in  the  short  process  of  the  incus.  The 
ossicles  of  the  ear  act  like  a  compound  lever;  the  short  process  of 
the  incus  is  the  fulcrum ;  the  power  is  applied  to  the  umbo,  in  which 
the  handle  of  the  malleus  ends ;  and  the  resistance  is  the  base  of 
the  stapes.  The  length  of  the  handle  below  the  axis  of  the  malleus 
is  one  and  one-half  times  that  of  the  head  above  the  axis.  But  the 
range  of  excursion  is  only  two-thirds  that  of  the  handle  and  drum- 
head, whilst  the  power  of  movement  of  the  head  of  the  malleus  will 
be  one  and  one-half  times  more  than  that  of  the  handle.  Bv  this 
means,  according  to  Helmholtz,  vibrations  are  diminished  in  extent 
but  increased  in  force.  The  chain  of  ossicles  vibrates  as  a  whole, 
and  not  by  molecular  vibration.  The  tympanic  membrane  is  twent}' 
times  the  size  of  the  oval  window;  hence  the  movement  of  the  mem- 
brane of  the  oval  window  is  smaller  in  extent,  but  about  thirty  times 
greater  in  power.  When  sound  impinges  against  the  tjnnpanum,  the 
t3rmpanic  membrane  moves  inward  with  the  attached  handle  of  the 
malleus,  and  the  head  of  the  malleus  moves  outward.  The  incus  fol- 
lows these  movements;  the  body  of  the  incus  swings  outward  and  the 
long  process  moves  inward,  which  pushes  the  stapes  into  the  oval 
window. 

Thus  the  ossicles  and  the  fluid  in  the  labyrinth  do  not  form  a 
mass  vibrating  independently,  but  as  one  body. 

Tensor  Tympani. — The  tensor  tympani  reflex  has  its  sensory 
nerves  from  the  trigeminus  and  its  motor  nerve  from  the  same  source. 
When  one  tensor  tympani  contracts,  the  tensor  of  the  opposite  side 
also  contracts. 

In  rare  cases  the  tensor  tympani  is  under  the  control  of  the  will. 
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ments  is  really  mechanical  in  nature^  due  to  the  wavelike  motion  of 
the  serous  fluid  of  the  membranous  labyrinth. 

It  is  common  to  divide  auditory  stimuli  into  those  which  aie 
caused  by  noises  and  those  caused  by  rmisicdl  sounds.  It  is  a  feature 
peculiar  to  musical  sounds  that  the  vibrations  which  form  them  are 
periodical  and  that  they  recur  at  regular  intervals.  When  neither 
of  these  two  conditions  is  present,  there  results  a  noise.  Prom  the 
sensory  impulses  to  which  the  several  vibrations  give  rise  are  gen- 
erated our  sensations  of  noise  or  of  sound. 

To  produce  a  sensation  certain  conditions  in  the  excitation  of 
the  auditory  nerve  are  necessary. 

The  sound-wave  must  exist  for  a  certain  length  of  time ;  it  must 
not  be  greater  than  ^/,o  nor  less  than  V40000  second.  In  the  piano 
the  lowest  base  (C,  33  vibrations)  and  the  highest  treble  (C,  4224 
vibrations)  exist.  A  certain  number  of  impulses  must  be  made 
within  a  given  interval  of  time  to  excite  a  sensation  of  tone.  The 
lower  limit  is  about  30  vibrations,  the  upper  limit  about  40,000,  per 
second.  Visual  sensations  separated  by  less  than  a  tenth  of  a  second 
are  fused,  but  auditory  sensations  separated  by  ^/^a,  second  remain 
distinct. 

Theory  of  Hearing^. — If  you  sing  a  note  into  a  piano,  the  cords 
of  the  piano  tuned  for  this  note  only  respond.  Now  the  basilar 
membrane  is  supposed,  like  a  harp,  to  represent  a  series  of  cords 
which,  like  the  piano-strings,  respond  to  the  sounds  striking  them. 
This  membrana  basilaris  is  striated  in  a  radiating  direction,  and 
these  striations  increase  as  it  ascends  toward  the  helicotrema.  Un- 
like the  harp,  the  cords  are  joined  together  by  their  edges;  but,  as 
they  are  stretched  only  in  a  radiating  direction,  they  can  vibrate  as 
though  they  were  separate  cords.  Now,  the  cords  are  very  short, 
being  at  most  not  over  Vu  inch  in  length;  so  that  they  would  be 
expected  only  to  vibrate  for  high  sounds;  but  it  must  be  remem- 
bered that  these  cords  are  weighted  with  the  arches  and  cells  of 
Corti,  which  lower  their  sound.  Hence  we  have  a  series  of  cords  in 
the  basilar  membrane  vibrating  separately  to  musical  sounds.  We 
know  that  there  are  in  man  about  3000  arches  of  Corti,  and  as  at  least 
two  of  the  cords  correspond  to  an  arch  of  Corti,  we  have  6000  cords. 
Now,  the  scale  of  musical  sounds  extends  to  seven  octaves,  and  we 
have  400  arches  of  Corti  to  1  octave.  In  1  octave  there  are  12  semi- 
tones, and  we  have  66  cords  corresponding  to  a  semitone;  so  that 
we  have  sufficient  cords  to  vibrate  in  unison  with  all  possible  musical 
sounds. 
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The  organ  of  sight,  the  eye,  ia  constructed  upon  the  prinraples  o[ 
the  camera  obscura.  In  the  latter  the  coUecting  lens  unites  the  light 
impressions  at  the  back  of  the  apparatus  to  form  upon  the  gromtd- 
glas8  plate  a  diminished  and  reversed  image  of  external  objects. 

Structore. — The  eye  is  composed  of  three  concentric  coatt  (jcfe- 
rotic,  choroid,  and  relina),  the  aqueous  and  vilreovs  humors  and  11k 
crystalline  lens. 


Fig.  321. — Diagram  of  a  Horizontal  Section  through  th«  Human  En. 
(Yko.) 

1.  Cornea,  i.  Sclerotic.  3,  Cborold.  i.  GlllBr^  proceues.  5.  Siupnuorr 
IlKBmeDt  ot  lens.  E,  So-called  poaterlor  cbember  briwpen  liii  Bud  leot.  '. 
Irli.  S,  Optic  nerTe.  8',  Entrance  of  cerebral  artery  o(  retina.  S",  CeDlril 
depremlon  ot  rellna,  or  yellow  epot.  »,  Anterior  limit  ot  retina.  lO.  Hyillnf 
membrane.  11,  Aqueoui  chamber.  11.  Cryitallloe  Ions.  13.  Vltreoui  biunor. 
11.  Circular  venoua  alnuB  wtilch  Ilea  around  tbe  cornea,  a-a,  Antpra-piMterior 
ails  of  bulb.    6-6,  Trsneyerae  aula  of  bulb. 

The  first,  or  outside,  coat  of  the  eye  is  opaque  in  all  of  its  p»ri» 
except  a  small  anterior  segment.  This  area,  which  is  about  one-sixth 
of  the  entire  circumference,  is  perfectly  transparent.  The  dense, 
opaque  part  is  known  as  the  sclerotic;  the  transparent  portion  is  the 
cornea,  which  is  the  most  anterior  portion  of  the  sclerotic. 

The  sclerotic  ia  thickest  behind,  in  the  neighborhood  of  the  part 
pierced  by  the  optic  nerve,  which  is  placed  about  a  tenth  of  an  inch 
inside  of  the  antero-posterior  axis.    The  sclerotic  thins  a  little  as  it 
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coloring  matter  which  is  found  in  the  connectiTe  tisene  of  the 
stroma  of  the  iris,  and  its  varying  quantity,  give  the  color  to  the 
iris,  (3)  The  posterior  limiting  layer,  or  a  portion  of  Bruch's  mem- 
brane.  (4)  The  pigment  layer  (uvea).  This  is  made  up  of  two 
layers  of  cells;  the  posterior  layer  is  cubical  and  full  of  pigment. 
the  anterior  layer  Js  flat  aud  contains  only  a  small  amount  of  pig- 
ment. This  pigment-layer  is  a  continuation  anteriorly  of  the  pig- 
ment-layer of  the  retina.  The  color  of  the  iris  is  due  to  pigmented 
connective-tissue  corpuscles,  especially  in  brunettes.  The  arterr 
and  veins  of  the  iris  Ue  at  its  periphery. 


OPTIC    ctMTm*  ■~-~ 


O^ric    Al£ltVC 


Fig.  aJU.— The  NcrvouH  Me(.'liauiMtii  of  tlie  Iris. 

The  pii])il  is  made  smaller  by  Cdnlraction  of  its  i.'iri'ular  fibers. 
The.-ie  belong  to  the  snwoth  type  of  musclc-libprs  and  are  inncrvaitd 
by  the  octilnmohr  through  the  mediuiu  of  its  ciliary  branches. 

The  pupil  enlarges  tliniugh  contraction  of  the  radinting  fiWr- 
of  the  iris.  It  is  innervated  by  the  ciliary  branches  derived  fmni 
the  great  sympathetic.  Sensory  nerves  are  present,  coming  from 
the  first  branch  of  the  fifth,  or  trigeminus. 

Hence,  stimulation  of  the  oculomotor,  ae  well  aa  catting  the 
sympathetic  nerve  in  the  neck,  or  trigeminus,  produces  contraction 
of  the  pupil.  Irritation  of  the  sraipathetic  causes  the  pupil  to 
dilate.  The  normal  contraction  and  dilation  of  the  pupil  are  reflei 
movements  that  are  caused  by  the  rays  of  a  veiy  strong  or  very  faint 
light  striking  the  retina.     From  the  retina  the  impression   is  con- 
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The  rod-fiber  is  a  continuation  at  its  inner  end  of  the  rod.     The 
fiber  contains  the  rod-nucleus. 

Cones. — Both  rods  and  cones  are  closely  set  like  a  palisade  over 
the  whole  extent  of  the  retina,  between  the  eiternal  limiting  mem- 
brane and  the  pigmentary  layer,  except  at  the  macula  lutca,  where 
there  are  only  cones.  The  smallest  angular  distance  at  which  points 
can  be  separately  distinguished  is  50  seconds,  with  which  the  siie 
of  a  retinal  image  is  3.65  micromillimeters.  This  size  coincides 
closely  with  the  diameter  of  the  cones  at  the  fovea,  which  are  about 
3  micromillimeters. 


Pig.  335. — Hexagonal  C'ella  from  the  Pigment  La^er  of  the  Retina  of  m. 
Rabbit.     (Ball.) 

The  cones,  like  the  rods,  consist  of  two  segments,  an  inner  and 
an  outer.  The  cones  are  shorter  than  the  rods.  The  outer  seg- 
ment of  the  cone  has  cross  strlations.  The  inner  segment  is  much 
thicker  and  shorter  than  the  rod,  and  is  rounded.  The  ellipsoid  of 
the  cone  is  larger  than  that  of  the  rod,  and  lies  in  the  peripheral 
part  of  the  inner  segment.  A  cone-fiber  is  a  continuation  of  the 
cone.  Between  each  cone  there  are  usually  two  or  three  rods,  show- 
ing the  greater  abundance  of  rods.  The  external  limiting  mem- 
brane is  a  product  of  the  Mtiller  fibers,  the  sustentacular  tissue  of 
the  retina.     In  the  vicinity  of  the  ora  serrata  the  nerve-fiber  and 
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an  inch  across  and  is  one-tenth  of  an  inch  to  the  cater  taAe  of  tke 
point  of  entrance  of  the  optic  nerve.  Its  center  is  the  fovea  ctn- 
Iralie.  In  the  fovea  there  are  no  rode;  cones  only  are  present,  and 
these  are  longer  and  narrower  than  those  of  the  other  parts  of  the 
retina. 

When  the  optic  nerve  penetratee  the  eye  it  projects  somewhat 
beyond  the  inner  surface  of  the  eyeball  as  a  papilla.  In  this  papilla 
there  are  none  of  the  essential  nerve-elements  of  the  retina,  so  that 
rays  of  light  cannot  be  perceived  by  this  particular  area;  hence  the 
name  of  blind  spot. 

The  nenoug  layer  of  the  retina  is  composed  principally  of  the 
terminal  nerve-elements  of  the  optic  nerve.     Externally,  it  is  coated 


Fig.  337.— Right  Eye,  Normiil  FundUH  OculL     (Baix.) 

with  a  pigment-layer;   internally,  it  is  lined  with  a  homogeneous, 
transparent  structure,  the  hyaloid  membrane. 

Histological  SIrvclvre. — The  histological  atmcture  of  the  retina 
is  very  complicated.  The  retina  is  really  an  outward  expansion  of 
the  original  forebrain.  The  retina  is  usually  divided  into  eight 
layers : — 

1.  The  layer  of  nerve-fibers. 

2.  The  layer  of  ganglionic  cells. 

3.  The  inner  molecular  layer. 

4.  The  inner  nuclear  layer. 

5.  The  outer  molecular  layer, 
fi.  The  outer  nuclear  layer. 

7.  The  layer  of  rods  and  cones. 

8.  The  hexagonal  pigment-layer. 
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The  first  layer  consists  of  neuraxons  from  the  ganglionic  cells 
of  the  second  layer.  The  second  layer  consists  of  a  lot  of  multi- 
polar nerve-cellsy  and  their  neuraxons  run  inward  to  form  most  of 
the  fibers  of  the  optic  nerve.  The  dendrons  of  these  multipolar 
cells  are  branched  and  terminate  in  the  inner  molecular  layer,  of 
which  this  third  layer  is  chiefly  composed.  The  fourth  inner  nuclear 
layer  is  made  up  chiefly  of  round  and  oval  cells  with  a  peripheral 
neuraxon  and  a  central  neuraxon. 

The  peripheral  neuraxon  arborizes  around  the  dendrons  of  a 
ganglionic  ceil  in  the  inner  molecular  layer. 

The  fifth  outer  molecular  layer  is  made  up  of  the  arborizations 
of  the  neuraxons  of  the  visual  cells  of  the  outer  nuclear  layer. 


A  B 

Fig.  838. — Diagram  of  Occipital  Region  of  Right  Cerebral  Hemispheres. 

(  Ball.  ) 
A,  From  inner,  and  /i,  from  outer  aspect. 

The  sixth  layer,  the  outer  nuclear  layer,  is  the  layer  of  bipolar 
visual  cells.  Their  central  neuraxons  end  in  arborizations  in  the 
outer  molecular  layer  about  the  dendrons  of  the  bipolar  cells  of  the 
inner  nuclear  layer.  The  peripheral  processes  of  these  cells  are  the 
rods  and  cones  of  the  retina,  which  are  similar  to  the  dendrons  of 
other  nerve-cells. 

The  seventh  layer  of  rods  and  cones  are  the  dendrons  of  the 
visual  cells. 

The  eighth  layer  is  the  pigment-layer  of  the  retina. 

The  retina  is  essentially  formed  by  a  number  of  nerve-cell 
chains,  the  elements  of  which  are  arranged  in  three  series  from  with- 
out in.  The  first  is  the  rod  and  the  cone ;  the  second  is  the  bipolar 
cell,  which  interlaces  with  the  peripheral  dendrons  of  the  ganglonic 
cells.     The  third  element  is  the  ganglion-cell. 
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The  optic  tract  arises  in  the  retinal  cells,  which  are  its  trophic 
center.  These  retinal  cells  send  in  fibers  which  arborize  around  the 
cells  of  the  anterior  corpora  quadrigemina/pulvinar^  and  the  lateral 
corpus  geniculatum.  Kow,  from  the  lateral  corpus  geniculatum  and 
pulvinar  we  have  a  second  set  of  neuraxons  running  to  the  occipital 
cortex,  the  center  of  vision.  Here  the  lateral  corpus  geniculatum 
and  pulvinar  are  the  relay  centers  in  the  path  of  visual  impulses. 

The  Vitreous  Humor. — The  hyaloid  membrane,  a  homogene- 
ous capsule,  encloses  the  vitreous  humor.  This  hyaloid  membrane 
divides  as  it  comes  forward  over  the  vitreous,  one  part  going  to  the 
capsule  of  the  lens  as  the  zonule  of  Zinn,  and  the  other  passing  in 
front  of  the  vitreous.  The  free  part  of  the  hyaloid,  stretching  from 
the  capsule  of  the  lens  to  the  ciliary  body,  is  termed  the  suspensory 
ligament  of  the  lens.  Between  these  two  layers  of  the  hyaloid  the 
canal  of  Petit  is  formed,  a  lymphatic  canal.  In  the  center  of  the 
vitreous  is  the  canal  of  Stilling,  which,  in  the  fcetal  state,  was  the 
pathway  of  the  artery  of  Zinn  to  the  posterior  part  of  the  capsule 
of  the  lens.  The  vitreous  has  no  blood-vessels,  and  is  composed 
chemically  of  water,  98.5  per  cent.,  and  salts,  extractives,  and  traces 
of  proteid  and  nucleo-albumin.  The  vitreous  has  fine  intercrossing 
connective-tissue  fibers,  connective-tissue  cells,  and  leucocytes. 

Aqueous  Humor. — This  fluid  contains  about  2  per  cent,  of 
solids,  chiefly  in  the  form  of  sodium  chloride.  It  occupies  the 
anterior  chamber  in  the  space  back  of  the  cornea  and  in  front  of 
the  iris.  The  so-called  posterior  chamber  lies  between  the  back  of 
the  iris  and  in  front  of  the  lens. 

When  by  ulceration  of  the  cornea  or  accident  the  aqueous  humor 
escapes,  it  is  found  to  be  regenerated  very  rapidly. 

The  secretion  of  the  aqueous  humor  has  been  studied  by  fluore- 
scin  instilled  into  the  fluids  of  the  eyeball.  It  has  been  found  that 
ihe  humor  is  secreted  by  the  posterior  surface  of  the  iris  and  ciliary 
body.     It  passes  through  the  pupil  into  the  anterior  chamber. 

Blood-vessels  of  the  Eye. — There  are  two  systems  of  blood- 
vessels: the  retinal  and  the  ciliary  system.  These  systems  are 
separate,  and  anastomose  only  at  the  place  of  entrance.  The  retinal 
system  is  the  central  artery  of  the  retina,  which  goes  through  the 
axis  of  the  optic  nerve  until  it  reaches  the  optic  papilla,  where  it 
divides  into  two  branches,  one  running  forward  and  the  other  in  a 
posterior  direction.  These  vessels  are  seen  with  the  ophthalmo- 
scope. 
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The  Ciliary  System. — These  break  through  the  sclera  to  supply 
the  choroid,  the  cUiary  body,  and  the  iris. 

The  short  ciliary,  about  six  to  twelve  in  number,  supply  the 
choroid  and  ciliary  processes. 

The  long  ciliary,  two  in  number,  penetrate  the  sclerotic,  run 
forward  between  the  choroid  and  sclerotic  to  the  ciliary  muscle, 
forming  a  very  vascular  circle  about  the  iris. 


Fig.  339. — Diagram  of  the  Lymph  Spaces  of  the  Eyeball. 

(After  FucHH.) 

1.  Anterior  chamber.  2,  Posterior  chamber.  3,  CaDol  of  Schlemra.  4.  Hya- 
loid canal.  5,  Anterior  ciliary  vein.  6.  Continuation  of  Tenon's  capsule  on  the 
ocular  tendons.  7,  Lymph  space  around  the  vena  vorticosa.  8,  Perichoroidal 
space.    9,  Supra- vaginal  space.     10,  inter- vaginal  space. 

In  deep-seated  ciliary  congestion  you  have  a  pus-zone  about  the 
cornea,  which  is  much  different  from  the  bloodshot  eye  of  conjunc- 
tivitis. 

The  capsule  of  Tenon  is  a  thin  membrane  which  envelops  the 
eyeball  from  the  optic  nerve  to  the  ciliary  region,  forming  a  socket 
in  which  it  plays.  On  its  inner  surface  it  is  smooth,  and  is  in  con- 
tact with  the  outer  surface  of  the  sclerotic*,  the  perisclcrotic  Ijnnph- 
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space  lying  between  it  and  the  Bclerotic.  There  are  some  unstriped 
muscular  fibers  in  the  capsule  of  Tenon.  These  muscular  fibers  are 
innervated  by  the  cervical  sympathetic,  and  project  the  eyeball  when 
in  action. 

Intraocular  Pressure. — The  intraocular  pressure  depends  upon 
the  tension  of  blood  in  the  arteries  of  the  eye.  The  pressure  under- 
goes oscillations  simultaneous  with  the  pulse  and  respiratory  move- 
ments. 

The  pressure  is  about  20  to  30  millimeters  of  mercury. 
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Fig.  340. — Schematic  Eye  three  Times  Natural  Size.      (Landolt.) 

^\  Anterior  or  principal  focus.  A,  Anterior  surface  of  cornea.  H'  and  H', 
Principal  points.  K'  and  K",  Nodal  points.  0".  Posterior  or  second  principal 
focus.    F.c,  Fovea  centralis.    0',   ^p".  Optic  axis. 


The  aqueous  humor,  which  is  secreted  and  absorbed  with  great 
ease,  appears  to  regulate  the  pressure. 

Lymphatics. — The  lymphatics  of  the  eye  comprise  an  anterior 
and  posterior  set.  The  former  is  located  in  the  anterior  and  posterior 
chambers  of  the  eye  and  has  communication  with  the  lymphatics  of 
the  iris,  ciliary  processes,  cornea,  and  conjunctiva.  The  posterior 
set  consists  of  the  perichoroidal  spaces  lying  between  the  choroid 
and  sclerotic  coats  of  the  eyeball. 
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Optic  Nerve. 

The  optic  nen^e  contains  centripetal  and  centrifugal  fibers. 
The  bundle  of  centripetal  fibers  from  the  second  layer  of  retinal 
ganglionic  cells,  which  originate  in  the  vicinity  of  the  macula,  go 
into  the  optic  tract  of  the  same  and  opposite  side.  Those  going  into 
the  optic  tract  of  the  same  side  come  from  the  temporal  tract  of 
the  macula,  while  the  decussating  fibers  come  from  the  nasal  side 
of  the  macula;  hence  each  optic  tract  is  made  up  of  fibers  from  the 
temporal  half  of  the  retina  of  the  same  eye  and  from  the  nasal  half 
of  the  opposite  eye.  The  optic  tract  then  goes  backward,  passing 
around  the  cerebral  peduncle,  and  breaks  vp  into  two  bundles,  the 
external  and  the  internal.  The  internal  bundle  is  connected  with 
the  internal  geniculate  body  and  the  posterior  corpus  quadrigeminum, 
and  is  a  part  of  Oudden^s  commissure.  It  has  no  connection  with 
vision.  The  external  bundle  goes  to  the  external  geniculate  body, 
the  pulvinar  and  anterior  corpus  quadrigeminum.  The  cells  in  the 
external  geniculate  body  receive  the  terminal  arborizations,  as  also 
do  the  cells  of  the  pulvinar  and  corpus  quadrigeminum.  From  these 
ganglia  neuraxons  go  through  the  most  posterior  end  of  the  internal 
capsule  (optic  radiations  of  Gratiolet),  to  end  in  the  occipital  lobe, 
mainly  in  the  cuneus. 

The  pyramidal  cells  send  centrifugal  fibers  to  the  external  geni- 
culate body,  to  the  pulvinar  and  the  anterior  corpus  quadrigeminum, 
and  from  here  new  centrifugal  axons  go  to  the  retina. 

Irritation  of  the  occipital  cortex  in  the  monkey,  say  of  the  right 
lobe,  causes  movement  of  the  eyes  to  the  opposite  side,  through  the 
action  of  the  efferent  fibers. 

The  average  dimensions  of  the  dioptric  system  of  the  eye  are 
as  follows: — 

Index  of  refraction  of  air 1. 

Index  of  refraction  of  cornea,  aqueous  humor,  and  vitreous 

body 1.3365 

Total  index  of  refraction  of  the  crystalline  lena 1.4371 

Radius  of  curvature  of  the  cornea 7.829  mm. 

Badiua  of  curvature  of  the  anterior  surface  of  the  crystal- 
line lens  lO.O     mm. 

Radius  of  curvature  ot  the  posterior  surface  of  the  crystal- 
line lens  6.0     mm. 

Distance  from  the  apex  of  the  cornea  to  the  anterior  sur- 
face of  the  crystalline  lens 3.6     mm. 

Distance  from  the  apex  of  the  cornea  to  the  posterior  sur- 
face of  the  crystalline  lens 7.2     mm. 

Thickness  of  the  len^ i . .  * 8.6     msu 
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Using  the  above  values,  the  positions  of  the  cardinal  points  of 
OausSy  of  the  human  eye  on  the  optical  axis,  calculated  from  the 
apex  of  the  cornea^  are  as  follows: — 

The  first  principal  focus  is  situated  13.745  millimeters  in  front 
of  the  cornea. 

The  other  points  are  behind  the  cornea: — 

The  first  principal  point 1.7532  mm. 

The  second  principal  point 2.1101  mm. 

The  difference  is 0.3569  mm. 

The  first  nodal  point 6.9685  mm. 

The  second  nodal  point 7.3254  mm. 

The  second   principal   focus 2.28237  mm. 

These  values  are  shown  in  Fig.  340^  but  are  three  times  as  great 
as  in  nature. 

From  these  data  are  shown  the  course  of  rays  through  the  eye 
and  the  position  and  size  of  images. 

Perception  of  Light. 

Light  is  due  to  vibrations  of  ether;  a  proper  conception  of  them 
gives  the  sensation  of  sight.  Transmission  of  light,  with  air  as  a 
medium,  is  186,000  miles  per  second.  The  rapidity  of  the  vibra- 
tions influences  the  sensation  produced,  for  color  is  for  luminous 
sensation  what  height  is  for  sound.  The  inferior  limit  of  visible 
vibrations  is  represented  by  the  color  red;  the  superior  limit  is 
exemplified  in  violet. 

For  light  to  be  perceived  physiologically  by  any  individual  it 
must  make  an  impression  upon  the  retina.  The  light  falling  upon 
the  retina  immediately  stirs  up  certain  changes  in  it  which  in  turn 
give  rise  to  nervous  changes  in  the  fibers  of  the  optic  nerve.  This 
last  change,  or  "visual  impulse,"  produces  a  further  series  of  events 
within  the  brain,  one  effect  of  which  is  a  change  in  our  conscious- 
ness;  that  is,  there  is  a  sensation. 

The  point  upon  the  retina  at  which  the  impressions  are  strongest 
and  most  exact  is  the  macula  lutea  and  its  fovea  centralis.  The 
anatomical  layer  designed  to  be  impinged  upon  by  a  distinct  image 
is  the  membrane  of  Jacobson,  the  layer  of  rods  and  cones.  As  only 
the  cones,  and  no  rods,  are  found  in  the  fovea  centralis,  it  is  the 
point  where  objects  are  fixed.  Hence  it  must  be  held  that  the  cones 
are  the  specific  elements  of  the  retina  that  are  designed  to  make  the 
individual  perceive  a  luminous  impression  precisely.  Nevertheless, 
the  field  of  vision,  though  indistinct  toward  its  periphery,  is  very 
much  enlarged. 
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The  luminous  impression  consists  of  the  vibrations  of  the  lumi- 
nous ether  which  stimulate  the  outer  portion  of  the  rods  and  cones. 
In  them  there  is  produced  a  molecular,  mechanical  change,  or  dis- 
turbance. Whenever  the  layer  of  rods  and  cones  is  stimulated,  the 
excitation  is  propagated  from  without  inward  to  all  of  the  retinal 
elements. 

Von  Kries  holds  that  the  cones  alone  have  the  power  to  per- 
ceive colors  (day  vision),  whilst  the  rods  are  sensitive  only  to  light 
and  darkness.  The  rods,  by  their  adaptability  in  the  dark  through 
the  regeneration  of  their  visual  purple,  form  the  special  apparatus 
for  vision  in  dim  lights  (night  vision).  The  various  elements  are 
connected  by  fibers,  and,  finally,  by  the  optic  nerve  with  the  brain. 

Physiology  of  the  Eye. 

The  study  of  the  phenomena  of  the  eye  may  be  divided  into 
four  parts:  (1)  dioptrics,  (2)  accommodaiion,  (3)  imperfections  and 
corrections,  and  (4)  vision  with  both  eyes. 

Dioptrics. — The  eye  has  previously  been  mentioned  as  being  like 
a  camera  obscura.  If  a  small  opening  exist  in  the  shutter  of  a  dark 
room  the  rays  of  light  from  the  outside  passing  through  the  opening 
will  form  an  inverted  image  of  the  external  object  upon  the  opposite 
wall  of  the  chamber.  However,  unless  the  opening  be  very  small, 
the  image  will  be  blurred  and  indistinct.  These  latter  qualities  will 
be  due  to  overlapping  of  rays  of  light  from  various  points  of  the 
object.  If  the  opening  be  small  enough  the  overlapping  rays  will 
be  cut  off  and  a  distinct  image  be  formed.  Should  a  convex  lens  be 
interposed  in  the  path  of  the  rays  of  light  the  opening  may  be  very 
considerably  enlarged,  and  yet  the  various  rays  be  brought  to  a  focus 
so  that  diffused  images  will  be  prevented. 

The  camera  obscura  is  popularly  known  to-day  in  the  form  of 
the  photographic  camera.  The  latter  consists  of  a  box  blackened  on 
the  interior  to  prevent  reflection  from  the  walls.  In  front  is  a  short 
tube  which  contains  achromatic  lenses.  In  the  back  wall  of  the 
camera  is  found  a  ground-glass  plate  upon  which  the  image  formed 
by  the  lens  is  focused.  If  the  camera  be  so  adapted  that  parallel 
rays  falling  upon  the  lens  are  focused  upon  the  ground-glass  plate, 
then  divergent  rays  must  have  their  focal  point  behind  the  plate. 
Should  the  plate  be  moved  backward  or  forward  the  focal  point  can 
be  made  to  coincide  with  the  conjugate  focus  of  the  rays  diverging 
from  the  object. 
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paralyzing  the  oculomotor  nerve  and  thus  the  ciliary  musclei  has  a 
rery  favorable  influence  by  putting  the  affected  membranes  at  rest 

The  suspensory  ligament  (zone  of  Zinn)  is  not  a  membrane,  but 
an  agglomeration  of  fibers  of  the  nature  of  connective  tissue.  They 
originate  partly  at  the  ora  serrata  from  the  intervals  between  the 
ciliary  processes,  and  a  few  of  them  from  the  ciliary  processes 
themselves. 

Accompanying  the  act  of  accommodation  is  a  contraction  of  the 
pupil,  which  dilates  when  the  accommodation  relaxes,  and  a  conver- 
gence of  the  eyeballs  due  to  a  contraction  of  the  internal  recti 

The  range  of  accommodation  is  as  follows: — 

Ybam  lUUOlCOF 

*    ***  ACOOMMODATIOV 

45  8.5 

50  2.5 

55  1.75 

60  1. 

65  0.75 

70  0.25 

75  0, 

This  table  shows  that  the  power  to  accommodate  diminishes 
rapidly  and  considerably  as  we  become  older.  This  is  due  to  the 
decreasing  elasticity  of  the  crystalline  lens.  The  crystalline  lens 
commences  early  to  change  its  physical  constitution  and  becomes 
more  rigid,  whilst  our  other  bodily  forces  are  in  a  state  of  progres- 
sive development. 

In  what  may  be  regarded  as  the  normal,  or  so-called  emmetropic, 
eye,  the  near  point  of  accommodation  is  about  five  inches.  The  far 
limit,  for  all  practical  purposes,  is  from  200  feet  up  to  an  infinite 
distance.     In  this  eye  the  range  of  distinct  vision  has  wide  latitudes. 

In  the  myopk,  or  short-sighted,  eye  the  near  point  is  two  and 
one-half  inches  from  the  cornea.  The  far  limit  is  at  a  variable,  but 
not  very  great,  distance.  The  range  of  vision  in  this  eye  is  very 
limited.  In  this  the  rays  of  light  are  brought  to  a  focus  in  front 
of  the  retina. 

In  the  hypermetropic,  or  far-sighted,  eye  rays  of  light  coming 
from  an  infinite  distance  are,  in  the  passive  state  of  the  eye,  brought 
to  a  focus  behind  the  retina.     The  near  point  is  some  distance  away. 

The  presbyopic,  or  long-sighted,  eye  of  aged  persons  resembles 
the  hypermetropic  eye,  but  differs  in  so  far  that  the  former  is  an 
essentially  defective  condition  of  the  mechanism  of  accommodation. 

There  are  two  changes  which  occur  when  we  accommodate  for 
near  objects:   one  is  that  the  pupil  contracts  to  cut  off  divergent 
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the  other  is  a  change  of  curvature  of  the  lens.    The  ciliary 

le  ia  the  motive  power  of  accommodation.    Its  paralysis  renders 

omodation  impossible.    The  oculomotor  innervates  the  ciliary 

ile.    Its  paralysis  by  atropine  produces  both  dilatation  of  the 

i  and  inability  to  accommodate. 

To  correct  anomalies  of  refraction  it  is  necessary  to  use  lenses. 
38e  are  transparent  media  which  seem  to  refract  rays  of  light 


E 


Fig.   343. — Refraction  of  Parallel  Rays  of  Light  in  Emmetropia    {E), 
Hypermetropia  (H),  and  Myopia  (M).     (Ball.) 

passing  through  them.  They  have  curved  surfaces.  The  direction 
which  the  rays  take  on  emerging  from  the  medium  depends  upon 
the  nature  of  the  curvature.  The  chief  forms  of  lenses  are  convex 
and  concave;  convex  lenses  may  be  doubly  convex,  plano-convex,  or 
concavo-convex.  A  concave  lens  may  have  equivalent  features.  A 
convex  lens  converges  the  rays  of  light ;  a  concave  lens  diverges  the 
rays  of  light.  In  myopia  a  concave  lens  is  used;  in  hypermetropia 
and  presbyopia^  a  convex  lens. 
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AetigmatiBm  is  a  defect  of  refractioQ  due  to  a  want  of  synunetrr 
in  the  refracting  media  of  the  eye.  The  result  of  this  is  that  the 
lays  of  light  passing  through  the  leas  are  not  brought  to  a  fociu  it 
the  same  point.  This  want  of  synunetiy  ie  usually  in  the  cornea, 
but  may  be  in  the  lens.  To  remedy  this  defect  we  use  a  lene  called 
a  cylinder  to  level  up  the  curvature  of  one  of  the  meridians  of  the 


Fig.  344.— Different  Kinds  of  Lenses.     (Qaxot.) 

A,    Double  conTMi.     B,   Plino-conTei.     C,   ConverKlDS  coDcaTo-t 
Double  concBTe.    E,  Plano-concBve.    F,  Diverging  a 
■Iw  called  menlscui  lesiei. 


cornea  to  correspond  to  the  curvature  of  the  others.  Cylinders  have 
no  curvature  in  one  asis,  but  more  or  less  considerable  curvature  in 
the  opposite  axis  in  correspondence  with  the  degree  of  astigmatisni 
that  has  to  be  corrected. 

Lrnses. — Lenses  are  arranged  according  to  their  focal  distance 
in  inche!<.  and,  as  the  unit  was  taken  as  one  inch,  all  weaker  lenses 


n       Era      jtf    . 


Fig.  .14r>. — Befraction  of  Rays  in  Regular  Astignuttism.      (Bail) 


were  espresscd  in  fractions  of  an  inch.  However,  Donderg  made 
the  standard  in  lensea  of  a  focal  distance  of  one  meter,  and  this  unit 
he  called  a  dioptre.  Thus  the  standard  in  a  weak  lens  and  the 
stronger  lens  are  multiples  of  these.  Hence  a  lens  of  two  dioptres 
equals  one  of  about  twenty  inches'  focus. 

Purkixje-Sansos's  Images. — If  you  place  a  lighted  candle  in 
front  of  the  eye  of  a  person,  three  images  of  the  flame  are  seen. 
One,  which  is  direct,  small,  brilliant,  and  comes  from  the  anterior 
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traction  of  which  narrows  the  cone  of  luminous  rays  and*  conBe- 
quently  the  circles  of  diffusion. 

Soheiner's  Expebiment. — A  card  is  taken  in  which  two  snuU 
holes  are  placed  close  together.  The  card  is  held  close  to  the  eye, 
and  in  front  of  it  a  needle  is  held.  When  you  move  the  needle 
nearer  the  card,  and  then  farther  from  it,  a  position  is  found  where 
it  is  distinctly  seen.  If  it  be  brought  slightly  nearer,  the  needle 
appears  double,  and  you  obtain  the  double  image.  The  explanatkn 
18  easily  seen  from  the  diagram.  Fig.  350. 

0  /  repfesent  the  holci  in  the  card,  a  the  point  of  tbe  needle,  h 
a  lens,  and  m  n  I  a  screen  at  Taiying  distances  from  it.    With  the 
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Fig.  352.^Diagram  Showing  the  Corneal  Axis,  U-E;  the  Optic 
Axis,  O'A;  the  Visual  Line,  R-T;  the  Line  of  Fixation,  R-J;  and 
the  Three  Angles.     (Ball.) 

The  angle  between  U-E  and  the  vlaual  line  R-T  is  the  angle  Alpha,  averaging 
6  degrees.  The  angle  between  the  optic  axis  (O-A)  and  the  line  of  regard  {R-J) 
is  the  angle  gamma.  The  angle  between  the  optic  axis  (0-A)  and  the  line  of 
yision  (R-T)  is  the  angle  beta.    T8,  Temporal  side.    NA,  Nasal  side. 

screen  at  ri,  a  distinct  single  image  of  the  needle  is  perceived,  because 
the  rays  e  and  /  coincide  and  are  focused  at  n  n.  At  the  position 
m  the  image  is  blurred  and  double  because  the  rays  from  e  do  not 
coincide  with  those  from  /;  while  at  I  the  image  is  also  double 
and  blurred  because  the  rays  are  intercepted  after  they  have  diverged 
from  their  focus.  Let  b  represent  the  refractive  media  of  the  eye, 
and  m  n  the  retina. 

The  Optic  Axis. — This  is  a  line  which  passes  through  the 
nodal  point  and  the  center  of  the  cornea.  If  prolonged  backwards, 
it  falls  upon  the  retina  on  the  inner  side  of  the  yellow  spot. 

The  Visual  Line. — The  visual  line  joins  the  macula  lutea 
with  the  point  on  which  the  eye  is  fixed.     It  passes  through  the  cor- 
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nea  a  little  to  the  inner  side  of  its  center^  and  therefore  forms  an 
angle  with  the  optic  axis^  which  is  termed  the  angle  alpha,  which 
normally  does  not  exceed  4  to  5  degrees. 

HoBOPT£R. — The  horopter  represents  all  those  points  of  the 
outer  world  from  which  rays  of  light  passing  into  both  eyes  fall  on 
identical  points  of  the  retina,  the  eyes  being  in  a  certain  position. 

It  is  a  circle  of  which  the  chord  is  formed  by  the  distance 
between  the  point  of  decussation  of  the  rays  of  light  in  the  eye.    Its 

A 
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Fig.  353.— The  Horopteric  Circle  of  MUller.     (Ball.) 

size  is  determined  by  the  position  of  the  two  eyes  and  the  point 
towards  which  their  axes  converge.  All  objects  not  found  in  the 
horopter,  or  which  do  not  form  an  image  on  corresponding  points  of 
the  retina,  are  seen  double. 

Inverted  Image  of  Objects. — The  rays  proceeding  from  the 
surface  of  luminous  bodies  above  the  optic  axis  cross  in  the  eye  so 
as  to  be  brought  to  a  focus  below  the  axis,  and  vice  versa.  Thus  an 
inverted  image  is  formed  on  the  retina. 

The  Acuteness  of  Visiox  is  tested  by  Snellen's  typos.  It  has 
been  found  out  that  square  letters  which  have  limbs  and  parts  equal 
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solidity  or  depths  since  experience  has  taught  ns  that  those  objectd 

only  which  have  depth  can  affect  the  eyes  in  this  way. 

The  photographs  are  slightly  different  from  each  other,  for  if 

they  were  identical  no  sensation  of  relief  will  ensue.    The  combmt- 

tion  of  the  dissimilar  images  furnished  by  the  two  eyes  is  a  mental 

act. 

o 


Fig.  360. — Direct  Ophthalmosoopy.     (Ball.) 

Laorymal  Secretion. — ^Lately  it  has  been  shown  by  Landolt  that 
in  the  rabbit  and  the  monkey  secretory  nerres  of  the  lacrymal  gland 
run  in  the  facial  nerve.    These  nerves  leave  the  geniculate  ganglion 


Eve  L«ns 

Fig.  367. — Indirect  Ophthalmoscopy.     (Ball.) 


Oph 


and  enter  the  superficial  petrosal.  We  then  find  them  in  the  supe- 
rior maxillary  and  occasionally  in  the  ophthalmic.  He  believes  these 
fibers  run  in  the  glosso-pharyngeal  and  then  in  the  facial,  but  he  did 
not  locate  the  nucleus  from  which  they  arise.  Eserin  increases  the 
secretion  of  tears,  atropine  decreases  it. 
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perimeter,  the  field  of  indirect  TiBioQ.     The  mBtmment  deriaed  (or 
this  purpoBe  is  called  the  perimeter. 

With  the  perimeter  the  eye  is  made  to  view  a  fixed  point  ftaa 
which  a  quadrant  proceeds  so  that  the  eye  lies  in  the  center  of  it 
Around  the  fixed  point  the  quadrant  rotates,  and  this  drcumuribn 
the  surface  of  a  hemisphere  in  the  center  of  which  the  eye  is  located. 
From  tliis  fixed  point  objects  are  slid  on  semicircular  arms  and  are 


Fig.  Sfifl.— Diagram  of  the  Normal  Visual  Field  for  White  and  Colors. 
(  Jen  N I  NOB.) 


gradually  placed  more  toward  the  periphery  of  the  field  of  vision 
until  the  object  is  no  longer  noticed.  Then  by  moving  the  semi- 
circular arm  in  different  meridians  of  the  field  of  vision  wo  obtain 
what  is  called  the  field  of  vision.  The  field  of  vision  is  more 
extended  below  and  to  the  outer  side.  It  is  narrowed  above  by  the 
brow;  below  by  the  cheek  and  the  nose. 
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it  has  accommodation-reflex.  It  occurs  in  locomotor  ataxia  and  in 
paresis.  Both  pupils  act,  though  only  one  retina  is  stimulated,  owing 
to  the  intercentral  coupling  of  the  two  constricting  centers  of  the 
pupil.  In  dyspnoea  the  pupil  dilates,  but  when  asphyxia  ensues  the 
dilatation  diminishes.  Atropine  paralyzes  the  ocuiomotorius  terminals 
(thus  paralyzing  accommodation),  but  after  its  section  the  dilatation 
of  the  pupil  is  still  further  increased  by  atropine;  hence  it  must  be 
an  action  on  the  dilating  fibers.  Eserin,  a  myotic,  contracts  the 
pupil,  due  to  stimulation  of  the  oculomotor.  The  anaesthetics  con- 
tract the  pupil,  but  when  their  action  is  deep  they  dilate  it. 

Wernicke's  Hemiopia  Pupillary  Reaction. — If  the  light  is 
thrown  on  the  hemianopic  half  of  the  retina,  the  pupil  remains  inao- 
tiTe.  Here  there  is  an  interruption  in  the  path  between  the  retina 
•Did  the  geniculate  bodies;  the  hemiopia  is  not  central,  but  due  to 
•  krion  in  the  tract  of  the  optic  nerve.  If  the  light  is  thrown  on 
the  sensitive  half  of  the  retina,  the  pupil  immediately  contracts. 


CRANIAL  NERVES.  825 

Piatliology. — ^The  motor  oculi  is  frequently  a  suflferer  by  reason 
cf  its  situation  and  course.  It  is  often  compressed  by  tumors  at 
the  base  of  the  brain.  In  its  passage  through  the  sinus  cavemosus 
it  is  exposed  to  compression  by  a  thrombosis  of  this  venous  canal. 

The  course  of  the  third  nerve  through  the  interpeduncular  space 
makes  it  play  a  considerable  part  in  pathology.  This  is  the  place  of 
predilection  for  meningitic  deposits.  This  segment  of  the  nerve  is 
most  frequently  compressed  in  the  exudates  of  tubercular  meningitis. 
It  is  also  the  point  of  attack  of  constitutional  syphilis,  particularly 
daring  the  tertiary  period;  this  is  a  chronic  meningitis  which  has 
its  principal  focus  at  the  interpeduncular  space  as  an  exudate.  Diph- 
theritic infection  often  attacks  the  third  pair  of  cranial  nerves. 

Paralysis  of  the  oculomotor  gives  rise  to  external  squint.  Its 
irritation  causes  internal  squint,  and  also  contraction  of  the  pupil, 
or  myosis.  The  eye  deviates  outward  in  paralysis,  due  to  the  action  of 
the  external  rectus  not  being  antagonized  by  the  internal  rectus. 

IKplopia. — The  deviation  of  one  of  the  eyes  does  not  permit  the 
maintenance  of  parallelism  of  the  visual  axes.  Without  this  coinci- 
dence the  two  images  will  not  fall  upon  identical  points  in  the  retina. 
Hence  all  objects  seen  will  be  double.  This  symptom,  known  as 
diplopiay  renders  the  sight  very  uncertain  and  often  produces  vertigo. 

Should  the  paralysis  be  general,  so  that  it  comprises  the  elevator 
of  the  lid,  Nature  brings  for  itself  a  remedy  for  the  defect  of  diplopia 
by  suppressing  the  vision  of  one  eye.  It  does  this  by  letting  the  lid 
fall  over  the  deviating  eye.  This  drooping  of  the  lid  gives  the  con- 
dition known  as  ptosis. 

Stimulation  of  the  motor  fibers  of  the  third  can  be  produced 
reflexly  by  teething  or  intestinal  irritations  of  children;  hence  their 
squint.  Chronic  spasms  of  the  eye-muscles  which  are  involuntary 
are  called  by  the  name  nystagmus. 

Drugs. — Atropine  paralyzes  the  intra-ocular  ends  of  the  motor 
oculi;    Calabar  hean  stimulates  them  or  paralyzes  the  sympathetic. 

FOURTH  PAIR,  OR  PATHETIC  NERVE. 

Siitribntion. — The  pathetic  supplies  the  superior  oblique  muscle. 

Physiology. — If  the  peripheral  end  of  the  pathetic  be  electrically 
irritated,  the  superior  oblique  muscle  contracts  and  turns  the  eyeball 
downward  and  outward. 

The  pathetic  is  a  nerve  that  is  especially  endowed  for  the  realiza- 
tion of  simple  vision  with  the  two  eyes  in  inclined  positions  of  the 
b^d.    It  is  impossible  for  an  individual  to  carry  one  eye  downward 
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and  outward.  That  is,  he  cannot  make  a  movement  directed  by  ttii 
superior  oblique  and  stiU  keep  the  head  perfectly  vertical.  It 
becomes  neceBsary  that  the  head  be  inclined  to  one  side,  and  at  the 
time  this  inclination  is  produced  the  rotation  of  the  eyeball  occun 
without  the  will  having  the  power  to  prevent  it.  By  the  very  id 
of  inclination  of  the  head  the  necessary  parallelism  of  the  two  ej» 
is  positively  destroyed ;  hence  this  involuntary  action  of  the  supe- 
rior oblique  to  place  the  visual  ases  upon  the  same  plane. 


Knrlmii  of  aciil04wMi. 
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The  fourth  pair  of  cranial  nerves  arise  from  a  collection  of  cell;' 
beneath  the  anterior  part  of  the  posterior  corpus  quadrigeminnm. 
It  completely  decussates  in  the  superior  medullary  velum.  It  starts 
behind  the  (juadrigeminal  body  and  then  appears  like  a  white  thread 
winding  around  the  outer  side  of  the  cms  of  the  cerebrum.  It  then 
pierces  the  dura  mater,  runs  along  the  outer  wall  of  the  cavemoui 
sinus,  and  enters  the  sphenoidal  foramen  with  the  oculomotor  and 
abducent.     It  supplies  the  superior  oblique  muscle  of  the  eye. 

Pathology. — Usually  the  first  sign  of  any  disorder  of  the  pathetic 
ix  a  giddinesR  when  ascending  or  descending  a  stairs,  owing  to  the 
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donble  vision  that  occurs  when  the  patient,  in  going  down,  looks 
at  his  steps. 

To  overcome  this  diplopia  he  gives  to  his  head  a  position  that 
is  quite  characteristic.  He  holds  his  head  bent  forward  and  directed 
to  the  ground.  This  position  overcomes  the  necessity  of  moving  the 
eyeballs  from  above  downward  and  so  minimizes  the  liability  to 
diplopia. 

SIXTH  PAIR,  OR  ABDUCENT  NERVE. 

This  nerve  arises  from  a  collection  of  cells  seated  beneath  the 
floor  of  the  fourth  ventricle  below  the  stria?  acusticae.  The  loop  of 
the  facial  incloses  it.  The  abducent  emerges  between  the  summits 
of  the  pyramidal  bodies  of  the  medulla  oblongata  and  the  pons.  As 
a  threadlike  nerve  it  goes  through  the  cavernous  sinus  and  through 
the  sphenoidal  foramen  to  the  external  rectus.  The  nucleus  of  the 
abducent  has  a  connection  with  the  posterior  longitudinal  bundle  of 
fibers  to  the  opposite  oculomotor  nucleus,  thus  pennitting  associated 
movements  of  the  eyeball.  The  pontal  olives  are  connected  by  fibers 
with  the  oculomotor  nucleus.  And  these  olives  are  also  connected 
with  the  auditory  nuclei  and  these  nuclei  are  connected  with  the 
cerebellum,  so  that  there  is  an  association  between  the  motor  nerves 
of  the  eye,  the  auditory  nerves,  and  the  cerebellum. 

Fhysioloi^. — The  sixth  nerve  is  exclusively  motor.  It  has  for 
its  only  aim  to  excite  the  external  rectus.  When  the  nerve  is 
strongly  galvanized  the  eyeball  deviates  outward.  Its  section,  on 
the  contrary,  produces  an  internal  strabismus.  It  is  especially 
adapted  for  seeing  objects  placed  to  one  side.  In  general,  the 
abducent  is  but  one  of  the  elements  for  the  exercise  of  perfect 
vision. 

Pathology. — Paralysis  is  the  most  common  manifestation  in  the 
sixth  pair.  A  considerable  concussion  of  the  orbital  cavity,  espe- 
cially when  it  is  upon  the  external  side,  will  particularly  paralyze 
the  abducent.  Unilateral  paralyses  of  this  nerve  are  usually  of  peri- 
pheral origin.  Bilateral  paralysis  is  generally  due  to  central  dis- 
turbance. The  most  prominent  symptom  of  this  affection  is  an 
internal  or  convergent  strabismus.  The  eye  is  held  inward  by  the 
tonus  of  the  rectus  intemus,  so  that  not  more  than  one  part  of 
the  cornea  is  perceived. 
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CONJUGATE  DEVIATION. 

Waller  explains  this  as  follows :  The  two  eyes  are  exactly  equal 
and  parallel  for  different  directions  of  distant  vision.  Both  eyes  are 
turned  to  the  right  or  to  the  left,  up  or  down,  so  that  the  object 
fixed  gives  images  on  corresponding  parts  of  both  retinas.  In  move- 
ments directly  upward  or  downward  muscles  of  the  same  name  in 
each  eye  are  associated  in  action ;  but  in  lateral  movements  the  asso- 
ciation is  asymmetrical :  e.g.,  the  external  rectus  of  one  eye  acta  with 
the  internal  rectus  of  the  other,  and  the  peculiarity  of  this  asso- 
ciated action  seems  still  more  striking  when  it  is  remembered  that 
the  external  rectus  is  supplied  by  the  sixth  nerve,  while  the  internal 
rectus  is  supplied  by  the  third.  A  similar,  if  less  striking,  associa- 
tion of  asymmetrical  muscles  on  the  two  sides  occurs  in  the  rotation 
of  the  head  and  neck,  which  are  turned  to  the  right  by  the  right 
inferior  oblique  and  the  left  sterno-mastoid  muscles,  and  to  the  left 
by  the  left  inferior  oblique  and  the  right  sterno-mastoid.  In  look- 
ing to  the  right  we  contract  the  right  external  and  left  internal 
recti:  i.e.,  impulses  pass  through  the  right  sixth  nerve  and  the  left 
third,  possibly  from  the  left  and  from  the  right  side,  respectively,  of 
the  motor  cortex,  but  more  probably  from  only  the  left  motor  cor- 
tex, in  which  case  we  must  suppose  that  certain  nerve-fibers  cross 
twice:  once  between  the  cortex  and  bulbar  nucleus  and  a  second 
time  between- the  nucleus  and  nerve-termination.  Unilateral  con- 
vulsions of  cortical  origin  are  accompanied  by  rotation  of  the  head 
and  eyes  toward  the  convulsed  side:  t.c,  away  from  the  cerebral 
lesion.  Thus  a  discharging  lesion  of  the  right  motor  cortex  causes 
convulsions  of  the  left  side  of  the  body,  with  rotation  of  the  eyes 
to  the  left.  This  is  a  "conjugate  deviation.'*  A  destructive  lesion 
of  the  right  motor  cortex  causes  paralysis  of  the  left  side  of  the 
body,  with  rotation  of  the  eyes  to  the  right.  The  peculiarity  in  this 
case  is  that  there  is  a  cessation  of  action  along  the  left  sixth  nerve 
(external  rectus)  and  the  right  third  nerve  (internal  rectus),  the 
deviation  of  the  eyes  to  the  right  being  caused  by  the  unbalanced 
action  of  the  muscles,  which  rotate  the  eyes  to  the  right. 

FIFTH  PAIR,  TRIGEMINUS,  OR  TRIFACIAL  NERVE. 

The  fifth  pair  of  nerves,  like  a  spinal  nerve,  has  two  roots:  an 
anterior  motor  one  and  a  posterior  sensory  one.  The  neuraxons  of 
the  motor  nucleus  in  the  pons  make  up  the  motor  root.  The  sen- 
sory arises  in  the  Gasserian  ganglion,  and,  like  a  posterior-root 
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Fig.  376. — The  Origin  of  the  Trigeniiiiul   Xcrv 
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The  trigeminus  emerges  from  the  pons  by  two  roots:  a  large 
•ensory  root  and  a  small  motor  root.  The  large  root  has  the  Gas- 
aerian,  or  semilunar,  ganglion,  while  the  small  root  runs  beneath  it. 
From  the  semilunar  ganglion  emanate  the  ophthalmic,  superior  max- 
illary, and  a  third  branch,  which  joins  the  small  root  of  the  trifacial 
to  form  the  inferior  maxillary  nerve.  The  nasal  branch  of  the 
ophthalmic,  ciliary,  or  lenticular  ganglion  gives  off  the  ciliary  nerves 
for  the  ciliary  muscle  and  iris.  This  ganglion  receives  motor  fibers 
from  the  oculomotor  nerve  and  branches  from  the  sympathetic. 
The  superior  maxillary  branch  passes  through  the  rotund  foramen 
of  the  sphenoid  bone  and  gives  off  dental  nerves  and  spheno-palatine 
nerves  which  go  to  Meckel's,  or  the  spheno-palatine,  ganglion.  It 
gives  off  nasal,  palatine,  and  pterygoid  nerves.  The  pter3'goid  nerve 
gives  off  a  branch,  the  great  petrosal,  which  enters  the  cranial  cavity 
through  the  cavity  of  the  foramen  lacerum  and  enters  a  canal  on 
the  front  of  the  petrous  portion  of  the  temporal  bone  to  join  the 
facial  nerve.  The  inferior  maxillary  nerve  is  formed  of  the  small 
motor  root  of  the  trigeminus  and  a  third  branch  of  the  semilunar 
ganglion,  and  makes  its  exit  from  the  skull  by  the  oval  foramen.  It 
gives  off  the  auriculo-temporal  and  the  lingual  nerve,  which  in  its 
course  is  joined  by  the  chorda  tympani  of  the  facial  and  the  inferior 
dental  nerves.  On  the  sensory  division  of  the  inferior  maxillary 
nerve  is  seated  the  otic,  or  ganglion  of  Arnold.  From  it  emanates 
the  small  petrosal  nerve,  which  enters  the  cranium  through  a  fine 
canal  in  the  spinous  process  of  the  sphenoid  bone  and  then  courses 
along  a  canal  in  front  of  the  petrous  portion  of  the  temporal  bone 
to  join  the  facial.  The  otic  gan<T;lion  gives  out  filaments  to  the  ten- 
sor palati  and  tensor  tympani  muscles. 

Physiology. — From  the  point  of  view  of  general  sensibility  the 
trigeminus  possesses  a  considerable  domain.  To  it  alone  is  intrusted 
the  giving  of  general  sensibility  to  nearly  all  parts  which  enter  into 
the  composition  of  the  head.  In  the  external  covering  of  the  head 
but  one  region  escapes  it.  This  is  the  lateral  and  posterior  part  of 
the  hairy  scalp,  the  innervation  for  the  latter  coming  from  the  cer- 
vical nerves. 

As  to  mucous-membrane  sensibility,  trifacial  innervation  comes 
only  to  the  posterior  third  of  the  tongue,  where  the  glosso-pharyn- 
geal  innervates  the  palate,  with  the  middle  and  inferior  parts  of  the 

pharynx. 

These  points  being  eliminated,  it  gives  tactile  sensibility  not 
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8hip  exists  between  this  nerve  and  the  muscles  and  nerves  of  degluti- 
tioxu 

A  remarkable  fact  in  connection  with  the  trigeminus  is  its  great 
functional  resistance  to  various  poisons  which  are  capable  of  paralyz- 
ing, nerves  of  sensation.  While  all  other  regions  of  the  body  show 
the  effects  of  anaesthetics^  those  under  the  dominion  of  the  trigem- 
inus still  preserve  a  high  degree  of  sensibility.  Even  though  a 
patient  be  anaesthetized  with  chloroform,  yet  will  he  perceive  punc- 
tures in  the  temples  and  frontal  regions.  This  occurs  in  spite  of 
the  fact  that  sensations  are  not  perceived  elsewhere. 

Motor  Fonotions. — By  its  short  root  the  trigeminus  holds  under 
its  power  the  movements  of  elevation,  depression,  and  rotation  of 
the  lower  jaw.  If  this  root  be  cut,  it  is  found  that  the  muscles  con- 
cerned in  the  performance  of  the  above-mentioned  movements  are 
paralyzed.  The  lower  jaw  remains  passively  separated  from  the 
upper. 

Trophio  Function. — ^Within  twenty-four  hours  after  intracranial 
section  of  the  trigeminus,  the  cornea  becomes  opaque.  At  the  end 
of  five  or  six  days  the  cornea  becomes  very  white  in  color.  The  iris 
becomes  inflamed  and  covered  with  false  membranes.  In  about  eight 
days  the  cornea  becomes  detached  and  the  contents  of  the  eye  escape. 

The  suppression  of  the  fifth  pair  is  followed  by  remarkable 
alterations  in  the  Schneiderian  membrane.  It  becomes  spongy,  and 
bleeds  upon  the  least  touch.  The  place  where  the  olfactory  bulbs 
lie  is  completely  changed.  Thus  the  acts  of  olfaction  and  vision  are 
indirectly  affected. 

Pathology. — By  reason  of  the  intimate  association  of  the  trigem- 
inus, and  its  Gasserian  ganglion,  with  the  petrous  portion  of  the 
temporal  bone,  it  is  exposed  to  all  of  the  shocks  and  bloVs  that  are 
able  to  fracture  this  bone. 

The  relations  of  the  trigeminus  with  its  meninges  are  very  apt 
to  be  disturbed  seriously  by  the  presence  of  tumors.  The  false  mem- 
branes which  are  found  in  meningitis  compress  it  and  so  produce 
atrophy.  The  exudates  of  tubercular  meningitis  very  often  produce 
anaesthesia  of  the  face. 

The  fifth  pair  is  mobt  often  the  seat  of  either  excessive  sensi- 
bility or  paralysis.  It  is,  perhaps,  the  one  nerve  which  is  the  most 
frequently  affected  in  neuralgia.  The  relative  nearness  of  the  tri- 
geminus to  its  sensory  center  probably  explains  the  acuteness  of  the 
pains  in  neuralgia. 

53 
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SEVENTH  PAIR,  FACIAL  NERVE,  OR  PORTIO  DURA. 

The  facial  nerve  arises  from  a  nucleus  beneath  the  floor  of  thn 
fourth  ventricle.  This  nerve  contains  a  motor  and  a  sensory  root 
The  sensory  root  comes  from  the  cells  of  the  geniculate  gan^iony  and 
is  called  the  nerve  of  Wrisberg.  The  motor  pontal  nacleus  gives  off 
the  neuraxons  of  the  motor  root.  The  motor  nucleus  is  thought  to 
be  the  upward  part  of  the  nucleus  ambiguus,  which  originates  the 
motor  fibers  in  the  vagus  and  glosso-pharyngeal  nerves.  The  neu- 
raxons  of  the  motor  nucleus  form  a  distinct  knee,  which  uprising  on 
the  floor  of  the  fourth  ventricle  is  known  as  the  eminentia  teres. 
The  facial  nerve  in  its  course  to  the  periphery  makes  a  peculiar  lo<^, 
or  knee,  inclosing  the  nucleus  of  the  abducent,  and  emerges  from  a 
depression  back  of  the  pons  between  the  olivary  and  restiform  bodies, 
enters  the  internal  auditory  meatus  with  the  auditory  nerve,  leaves 
the  auditory  nerve,  enters  the  Fallopian  canal,  and  makes  its  exit 
by  the  stylomastoid  foramen  to  go  to  the  muscles  of  the  face.  The 
nerve  of  Wrisberg,  or  the  sensory  part  of  the  facial,  is  made  up  of 
neuraxons  from  the  cells  of  the  geniculate  ganglion  seated  in  the 
Fallopian  canal.  The  auditory  nerve  is  also  called  portio  mollis,  and 
it  lies  to  the  outer  side  of  the  facial, — ^the  portio  dura, — ^and  between 
the  two  is  the  pars  intermedia  portio  inter  duram  et  mollem  of  Wris- 
berg, which  extends  from  the  medulla  to  join  the  facial  in  the 
internal  auditory  meatus.  It  is  connected  with  both  auditory  and 
facial  nerves,  between  which  it  lies.  The  central  neuraxons  of  the 
geniculate  ganglion  or  the  nerve  of  Wrisberg  go  to  the  fasciculus 
solitarius  or  the  vagus  and  glosso-pharyngeal  roots.  The  peripheral 
neuraxons  of  the  geniculate  ganglion  join  the  facial,  and  Duval  states 
that  they  go  to  form  the  nerve  of  taste :  the  chorda  tympani. 

In  the  hiatus  Fallopii  the  great  petrosal  nerve  branches  oflf  from 
the  facial.  It,  in  conjunction  with  a  filament  from  the  glosso-pharyn- 
geal and  another  from  the  sympathetic,  passes  over  to  join  the  gan^ 
glion  of  Meckel. 

The  small  petrosal  leaves  the  aqueduct  by  a  particular  opening 
to  end  in  the  otic  ganglion. 

Cortical  Connection. — The  motor  path  from  the  cortex  to  the 
facial  nucleus  arises  from  the  inferior  part  of  the  central  con- 
volutions. 

Chorda  Tympani. — A  few  millimeters  above  the  atylo-mastoid 
foramen  the  facial  gives  off  a  branch  of  very  considerable  sise:  the 
chorda  tympani.    It  ascends  into  the  cavity  of  the  tympanum.    It 
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between  the  malleus  and  incus,  giving  a  branch  to  the  lat- 
ter, and  then  enters  the  zygomatic  fossa.  The  chorda  tympani  then 
descends  between  the  two  pterygoid  muscles  to  meet  the  nerve  of 
taste.  After  communicating  with  the  latter  it  accompanies  it  to  the 
ndmiazillarj  gland.  There  it  joins  the  submaxillary  ganglion  to 
terminate  in  the  lingual  nerve. 

Pkynology. — While  the  trigeminus  is  responsible  for  the  sen- 
sibility of  the  face,  the  facial  presides  over  the  contraction  of  the 
facsial  muscles  of  expression. 

The  facial  nerve  is  purely  motor,  and  so  has  nothing  to  do  with 
tEe  tranamisdon  of  sensory  impressions  developed  upon  the  face. 
After  its  section  the  skin  still  preserves  all  of  its  sensibility.  On 
the  other  hand,  after  section  of  the  trifacial  it  completely  disap- 
pears. Though  the  facial  does  not  transmit  sensory  impressions,  yet 
in  itself  it  is  sensitive  because  of  the  branches  which  it  receives  from 
the  trigeminus.  If  the  nerve  be  pinched,  the  animal  shows  signs 
of  pain. 

PiKthology. — The  facial  is  the  motor  nerve  which  suffers  most 
emsily  from  the  influence  of  cold.  Facial  paralysis,  or  BelFs  palsy, 
may  occur  very  easily  when  draughts  from  a  window  blow  upon  the 
face. 

When  the  paralysis  is  unilateral,  the  face  is  drawn  toward  the 
sound  side.  The  labial  commissure  on  the  paralyzed  side  is  lower 
than  that  on  the  other  side,  thus  giving  to  the  mouth  an  oblique 
direction. 

Bell's  paralysis  is  usually  due  to  a  cold  draught  of  air  striking 
the  nerve  at  its  exit  from  the  stylo-mastoid  foramen.  When  the 
cause  is  seated  in  the  brain  the  external  rectus  is  usually  affected, 
because  its  nerve  is  also  involved  and  usually  there  is  paralysis  of 
the  opposite  half  of  the  body,  or  crossed  paralysis.  Here  the  lesion 
is  in  the  pons.  If  the  lesion  is  seated  in  the  petrous  portion  of  the 
temporal  bone,  there  is  not  only  facial  palsy,  but  also  loss  of  taste 
from  an  involvement  of  the  chorda  tympani. 

EIGHTH  PAIR,  OR  AUDITORY  NERVE. 

The  anatomy  and  function  of  this  nerve  have  been  discussed  in 
Chapter  XVIH. 

NINTH  PAIR,  OR  QLOSSO-PHARYNOEAL  NERVE. 

The  glosso-pharyngeal  nerve  is  a  nerve  of  both  motion  and  sen- 
sation. 
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Cortioal  Conneotioni. — The  sensory  ascending  path  of  the  ninth 
nerve  ends  in  the  inferior  part  of  the  central  region  of  the  cortex 
and  in  the  immediate  neighborhood  of  the  posterior  part  of  the  sec- 
ond and  third  frontal  convolutions. 

The  nucleus  ambiguus  gives  off  neuraxons  to  form  its  motor 
root.  The  sensory  neuraxons  arise  from  the  jugular  and  petrosal 
ganglions  and  arborize  about  two  sensory  nuclei -in  the  medulla 
oblongata.  The  lower  sensory  end  nucleus  produces  an  elevation  on 
the  floor  of  the  fourth  ventricle,  and  is  called  the  ala-cinerea.  The 
upper  nucleus  is  also  connected  with  sensory  neuraxons  of  glosso- 
pharyngeal nerves,  while  the  lower  portion  of  this  nucleus  is  in  rela- 
tion with  the  vagus.  The  second  nucleus  is  called  the  vertical 
nucleus,  the  fasciculus  solitarius,  the  combined  descending  root  of 
the  pneumogastric  and  glosso-pharyngeal  nerves,  or  the  respiratory 
bundle.  This  respiratory  tract  extends  from  the  olive  down  the 
spine  to  the  eighth  cervical  nerve.  This  respiratory  bundle  of  Gierke 
may  associate  the  nuclei  coordinating  the  various  respiratory  muscles. 
The  glosso-pharyngeal  nerve  arises  by  a  half-dozen  cords  from  the 
restif orm  body  and  goes  through  the  jugular  foramen  into  the  vagus, 
where  it  has  a  small  ganglion :  the  jugular.  As  it  emerges  from  the 
jugular  foramen  there  is  developed  the  petrosal  ganglion^  or  gan- 
glion of  Andersch. 

Henre  of  Jacobson. — This  same  ganglion  gives  origin  to  the  nerve 
of  Jacobson.  It  enters  the  cavity  of  the  tympanum  by  way  of  an 
opening  in  its  floor,  where  it  divides  into  three  filaments.  These  are 
distributed,  one  to  the  round  window,  another  to  the  oval  window, 
and  the  third  to  the  lining  membrane  of  the  Eustachian  tube  and 
tympanum. 

Physiology. — The  ninth  is  a  mixed  nerve.  Its  motor  properties 
are  distributed  to  the  middle  constrictors  of  the  pharynx  and  the 
6tylo-phar3mgeus  muscle. 

The  most  important  sensory  function  of  the  glosso-pharyngeal 
is  the  part  which  it  plays  in  the  role  of  the  sense  of  taste. 

The  ninth  nerve  has  an  action  upon  the  blood-vessels  of  the 
tongue  that  is  identical  with  that  of  the  chorda  tympani.  If  the 
glosso-pharyngeal  be  cut  and  its  peripheral  end  stimulated,  the 
tongue  becomes  a  Uvid  red. 

Pathology. — ^In  man  there  are  no  clear  cases  recorded  where* 
there  have  been  uncomplicated  affections  of  the  glosso-pharyngeal. 
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TENTH  PAIR,  PNEUMOQASTRIC,  OR  VAGUS. 

Of  all  of  the  cranial  nerves^  the  vagus  is  the  most  important 
and  has  the  most  functions  of  a  varied  nature  in  clinical  study.  It 
18  a  nerve  of  motion  and  sensation. 

Cortioal  Connection. — The  motor  path  to  the  nucleus  of  the 
vagus  is  from  the  inferior  part  of  the  central  convolutions. 

The  motor  neuraxons  arise  from  the  nucleus  ambiguus.  The 
aensory  roots  come  from  the  neuraxons  of  the  jugular  and  petrosal 
ganglions.  The  sensory  neuraxons  have  been  described  under  the 
preceding  nerve:  the  glosso-pharyngeal.  The  vagus  springs  by 
means  of  from  ten  to  fifteen  cords  from  the  groove  behind  the  olivary 
body  and  passes  through  the  jugular  foramen  with  the  glosso-pharyn- 
geal and  spinal  accessory  nerves.  In  the  jugular  foramen  it  has  a 
ganglion :  the  jugular  ganglion.  After  it  emerges  from  the  foramen 
it  has  an  enlargement^  the  gangliform  plexus,  or  ganglion  nodosum. 

The  plexus  gives  off  the  pharyngeal  and  superior  laryngeal  nerves. 

The  pharyngeal  nerves,  three  in  number,  go  down  the  side  of 
the  pharynx  to  supply  the  mucous  membrane  and  muscles  of  the 
pharynx.  The  superior  laryngeal  goes  down  the  side  of  the  larynx. 
This  nerve  also  furnishes  a  collateral  branch,  important  from  a  phy- 
siological standpoint,  to  the  crico-thyroid  muscle.  It  then  loses 
itself  in  the  mucous  membrane  of  the  larynx. 

At  the  base  of  the  neck  the  vagus  gives  oif  another  branch,  the 
recurrent,  or  inferior  laryngeal.  The  nerve  upon  the  right  side 
descends  in  front  of  the  subclavian  artery  and  winds  around  it  pos- 
teriorly from  beneath.  T^pon  the  left  side  the  nerve  winds  around 
the  arch  of  the  aorta  in  the  same  manner. 

As  collateral  branches,  the  vagus  furnishes  cardiac  fibers,  which 
form  the  cardiac  plexus  and  are  destined  to  innervate  the  he^rt. 
There  are  also  (esophageal  fibers  whose  terminations  are  distributed 
to  the  oesophagus  and  trachea. 

In  the  cervical  region  the  tenth  pair  gives  rise  to  a  branch,  the 
nervus  depressor.  It  results  by  the  fusion  of  two  fibers:  one  from 
the  superior  laryngeal  and  the  other  from  the  vagus  itself.  The 
nerms  depressor  loses  itself  in  the  cardiac  tissue  of  the  heart  at 
the  level  of  the  aortic  and  pulmonary  orifices. 

During  the  first  portion  of  its  course  the  vagus  forms  numerous 
anastomoses.  These  are  with  the  spinal  accessory,  the  facial,  and 
hypoglossal  cranial  nerves  and  with  a  great  number  of  })ranches  from 
the  various  ganglia  of  the  sympathetic  system. 
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In  the  thorax  the  vagus  gives  off  cardiac  and  pulmonaiy 
branches.  These  also  anastomose  with  the  sympathetics  to  foim 
nomerons  plexuses. 

The  terminal  branches  of  the  vagus  are  distributed  to  the  atom- 
ach,  solar  plexus^  and  also  to  the  hepatic  plexus  of  the  sympathetic 

The  most  striking  feature  with  regard  to  the  vagus  is  the  great 
number  of  its  anastomoses.  It  is  a  very  complex  nerve  and  in  no 
part  of  its  course  is  it  exclusively  itself. 

Fhyiiology. — The  relationship  existing  between  the  vagos  and 
spinal  accessory  nerves  is  a  very  intimate  one  by  reason  of  their 
anastomoses.  This  makes  the  determination  of  the  true  aature  of 
the  vagus  one  of  the  difficult  problems  of  physiology. 

It  is  certain  that  the  vagus  is  endowed  with  sensibility,  for  the 
suppression  of  the  spinal  accessory  does  not  deprive  the  parts  of  any 
sensibility  in  any  portion  of  their  common  distribution.  But,  aa  the 
spinal  accessory  is  motor  and  the  vagus  sensory,  it  does  not  neces- 
sarily follow  that  the  latter  nerve  is  exclusively  sensory  and  that  all 
movements  realized  by  association  should  be  the  special  work  of  the 
spinal  accessory.  It  was  Bernard  who  first  demonstrated  that  the 
vagus  in  itself  is  a  mixed  nerve.  After  he  had  torn  out  all  of  the 
root-fibers  of  the  spinal  accessory  in  animals  he  found  that  the  motor 
acts  of  the  larynx  persisted  in  the  phenomena  of  respiration.  How- 
ever, while  the  vagus  in  itself  is  a  mixed  nerve  and  has  a  certain 
amoimt  of  motor  functions,  yet  its  principal  rdle  is  of  a  sensory 
nature. 

The  mode  of  distribution  of  the  vagus  indicates  that  the  nerve 
exercises  some  action  upon  (1)  the  digestive  apparatus,  (2)  upon  the 
respiratory  apparatus,  (3)  upon  the  circulation,  (4)  upon  the  h$patic 
apparatus,  and  (5)  an  indirect  action  upon  the  kidneys  and  supra- 
renal glands. 

Pathology. — The  recurrent  is  more  liable  to  be  pressed  upon  bv 
reason  of  its  peculiar  course  and  its  direct  relations  with  the  great 
vessels  and  body  of  the  thyroid.  As  the  vagus  is  a  mixed  nerve,  it 
is  very  evident  that  compression  causes  troubles  in  motion  and  s^isi* 
bility,  either  isolated  or  conjointly. 

Any  lesions  located  at  the  origin  of  the  vagus  cause  phenom^M 
of  irritation  in  the  whole  sphere  of  distribution  of  this  nerve.  Be- 
flexly  the  vagus  is  capable  of  affecting  the  chorda  tympani  and 
increasing  the  flow  of  saliva.  It  is  for  this  reason  that  intestinal 
parasites  often  cause  ptyalism. 

The  sensibility  of  the  branches  of  the  vagus  in  the  stomich 
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remains  unconscious  during  the  normal  physiological  state,  when  it. 
does  not  seem  to  be  any  greater  than  that  of  the  sympathetic.  Dur- 
ing pathological  conditions,  however,  it  acquires  a  high  degree  of 
intensity.  Thus,  in  simple  wounds  of  the  stomach,  without  haemor- 
rhage or  peritonitis,  the  impression  carried  to  the  medullary  center 
may  be  of  such  a  nature  as  to  cause  rapid  death. 

The  great  frequency  of  gastralgia  is  due  to  an  affection  of  the 
terminal  branches  of  the  tenth  pair.  At  its  cranial  end  this  same 
nerve  is  found  to  be  in  direct  relation  with  the  trigeminus  through 
the  intervention  of  the  gray  tubercle  of  fiolando.  This  fact  un- 
doubtedly furnishes  the  key  to  the  headache  which  so  often  accom- 
panies gastralgia. 

The  vagus  is  the  chief  sensory  carrier  of  the  reflex  movements 
of  circulation  and  respiration.  Thus,  irritation  of  the  renal  and 
hepatic  plexuses  can  produce  vomiting. 

Angina  pectoris  has  its  seat  in  the  cardiac  plexus.  The  sensa- 
tion experienced  is  like  that  seen  in  the  renal  and  hepatic  plexuses 
after  renal  and  hepatic  colic. 

ELEVENTH  PAIR,  OR  SPINAL  ACCESSORY  NERVE. 

The  eleventh  pair  of  cranial  nerves,  the  spinal  accessory,  is  com- 
posed of  two  distinct  parts:  a  spinal  portion  and  an  accessory  por- 
tion. A  group  of  cells  in  the  anterior  horns  of  the  spinal  cord  and 
extending  downward  to  the  sixth  cervical  segment  is  called  the 
accessory  nucleus.  There  is  another  group  of  cells  at  the  exit  of 
the  first  cervical  nerve  which  extends  into  the  medulla  oblongata 
and  is  the  origin  of  the  hypoglossal  nerve.  The  meduUa-oblongata 
root  arises  from  the  nucleus  ambiguus,  which  is  connected  with  the 
vagus  nucleus  in  the  medulla. 

The  superficial  origin  of  the  accessory  portion  is  from  the  groove 
between  the  inferior  olive  and  the  restiform  body.  Near  the  jugular 
foramen  both  portions  come  together,  but  do  not  exchange  fibers. 
Very  soon  both  roots  separate  from  one  another  to  form  the  two 
distinct  branches. 

The  accessory  portion  of  the  nerve  passes  entirely  into  the  plexus 
gangliformis  of  the  vagus.  This  branch  supplies  the  vagus  with  the 
major  portion  of  its  motor  fibers. 

The  spinal  portion  enters  the  cavity  of  the  cranium  by  passing 
through  tbe  foramen  magnum.  The  two  portions  of  the  spinal 
accessory  leave  the  cranium  together  by  passing  through  the  middle 
compartment  of  the  jugular  foramen.     The   spinal  portion   then 
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In  the  thorax  the  vagus  gives  off  cardiac  and  puhnonaij 
branches.  These  also  anastomose  with  the  sympathetics  to  lorn 
nnmerons  plexuses. 

The  terminal  branches  of  the  vagus  are  distributed  to  the  stom- 
achy solar  plexus^  and  also  to  the  hepatic  plexus  of  the  sympathetic 

The  most  striking  feature  with  regard  to  the  vagus  is  the  grett 
number  of  its  anastomoses.  It  is  a  very  complex  nerve  and  in  bo 
part  of  its  course  is  it  exclusively  itself. 

Phyiiology. — The  relationship  existing  between  the  vagus  tod 
spinal  accessory  nerves  is  a  very  intimate  one  by  reason  ci  their 
anastomoses.  This  makes  the  determination  of  the  true  aatiiieof 
the  vagus  one  of  the  difficult  problems  of  physiology. 

It  is  certain  that  the  vagus  is  endowed  with  sensibility,  for  the 
suppression  of  the  spinal  accessory  does  not  deprive  the  parts  of  any 
sensibility  in  any  portion  of  their  common  distribution.  But,  as  the 
spinal  accessory  is  motor  and  the  vagus  sensory,  it  does  not  neoet- 
sarily  follow  that  the  latter  nerve  is  exclusively  sensory  and  that  all 
movements  realized  by  association  should  be  the  special  work  of  the 
spinal  accessory.  It  was  Bernard  who  first  demonstrated  that  the 
vagus  in  itself  is  a  mixed  nerve.  After  he  had  torn  out  all  of  the 
root-fibers  of  the  spinal  accessory  in  animals  he  found  that  the  motor 
acts  of  the  larynx  persisted  in  the  phenomena  of  respiration.  Hov- 
ever,  while  the  vagus  in  itself  is  a  mixed  nerve  and  has  a  eertttn 
amount  of  motor  functions,  yet  its  principal  role  is  of  a  sensor? 
nature. 

The  mode  of  distribution  of  the  vagus  indicates  that  the  nerre 

exercises  some  action  upon  (1)  the  digestive  apparatus,  (2)  upon  the 

.    respiratory  apparatus^  (3)  upon  the  circuUUion,  (4)  upon  the  h$p^ 

apparatus,  and  (5)  an  indirect  action  upon  the  kidneys  and  supra* 

renal  glands. 

Pathology. — The  recurrent  is  more  liable  to  be  pressed  upon  by 
reason  of  its  peculiar  course  and  its  direct  relations  with  the  great 
vessels  and  body  of  the  thyroid.  As  the  vagus  is  a  mixed  nerve,  it 
is  very  evident  that  compression  causes  troubles  in  motion  and  aoifi- 
bility,  either  isolated  or  conjointly. 

Any  lesions  located  at  the  origin  of  the  vagus  cause  phenoment 
of  irritation  in  the  whole  sphere  of  distribution  of  this  nerve.  Be- 
flexly  the  vagus  is  capable  of  affecting  the  chorda  tympani  and 
increasing  the  flow  of  saliva.  It  is  for  this  reason  that  intestinal 
parasites  often  cause  ptyalism. 

The  sensibility  of  the  branches  of  the  vagus  in  the  stomach 
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remains  unconscious  during  the  normal  physiological  state,  when  it. 
does  not  seem  to  be  any  greater  than  that  of  the  sympathetic.  Dur- 
ing pathological  conditions,  however,  it  acquires  a  high  degree  of 
intensity.  Thus,  in  simple  wounds  of  the  stomach,  without  haemor- 
rhage or  peritonitis,  the  impression  carried  to  the  medullary  center 
may  be  of  such  a  nature  as  to  cause  rapid  death. 

The  great  frequency  of  gastralgia  is  due  to  an  affection  of  the 
tenninal  branches  of  the  tenth  pair.  At  its  cranial  end  this  same 
nenre  is  found  to  be  in  direct  relation  with  the  trigeminus  through 
the  intervention  of  the  gray  tubercle  of  Eolando.  This  fact  un- 
doubtedly furnishes  the  key  to  the  headache  which  so  often  accom- 
pnnies  gastralgia. 

The  vagus  is  the  chief  sensory  carrier  of  the  reflex  movements 
of  circBlation  and  respiration.  Thus,  irritation  of  the  renal  and 
hepatic  plexuses  can  produce  vomiting. 

Angina  pectoris  has  its  seat  in  the  cardiac  plexus.  The  sensa- 
tion experienced  is  like  that  seen  in  the  renal  and  hepatic  plexuses 
after  renal  and  hepatic  colic. 

ELEVENTH  PAIR,  OR  SPINAL  ACCESSORY  NERVE. 

The  eleventh  pair  of  cranial  nerves,  the  spinal  accessory,  is  com- 
posed of  two  distinct  parts:  a  spinal  portion  and  an  accessory  por- 
tion. A  group  of  cells  in  the  anterior  horns  of  the  spinal  cord  and 
extending  downward  to  the  sixth  cervical  segment  is  called  the 
accessory  nucleus.  There  is  another  group  of  cells  at  the  exit  of 
the  first  cervical  nerve  which  extends  into  the  medulla  oblongata 
and  is  the  origin  of  the  hypoglossal  nerve.  The  medulla-oblongata 
root  arises  from  the  nucleus  ambiguus,  which  is  connected  with  the 
vagus  nucleus  in  the  medulla. 

The  superficial  origin  of  the  accessory  portion  is  from  the  groove 
between  the  inferior  olive  and  the  restiform  body.  Near  the  jugular 
foramen  both  portions  come  together,  but  do  not  exchange  fibers. 
Very  soon  both  roots  separate  from  one  another  to  form  the  two 
distinct  branches. 

The  accessory  portion  of  the  nerve  passes  entirely  into  the  plexus 
gangliformis  of  the  vagus.  This  branch  supplies  the  vagus  with  the 
major  portion  of  its  motor  fibers. 

The  spinal  portion  enters  the  cavity  of  the  cranium  by  passing 
through  the  foramen  magnum.  The  two  portions  of  the  spinal 
accessory  leave  the  cranium  together  by  passing  through  the  middle 
compartment   of  the  jugular  foramen.     The   spinal   portion   then 
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.pierces  the  sterno-mastoid  to  supply  it  and  the  trapezius.  This  po^ 
tion  of  the  nerve  communicates  with  several  cervical  nerves. 

Phyiiology. — The  eleventh  nerve  is  generally  considered  to  be 
motor.  Any  observable  sensibility  must  be  due  to  anastomosis  with 
the  cervical  nerves. 

From  experimentation  it  has  been  found  that  the  accessory 
branch  presides,  through  motor  branches  in  the  vagus  to  the  laryn- 
geal muscles,  over  the  formation  of  sound  and  its  tone.  The  spinal 
branch  is  concerned  in  the  duration,  intensity,  and  modulation  of 
the  vocal  sound.    Hence  it  regulates  the  rhythm  of  speech  and  song. 

Aphonia  is  often  due  to  hysteria,  but  may  be  due  to  lead-poison- 
ing, syphilis,  or  to  such  reflex  causes  as  intestinal  worms.  The  reflex 
that  is  established  between  the  vocal  and  genital  organs  is  also  shown 
by  troubles  in  the  spinal  branch  of  the  spinal  accessory.  The  voice 
may  be  lost  at  times  during  menstruation. 

TWELFTH  PAIR,  OR  HYPOGLOSSAL  NERVE. 

The  nuclei  of  the  hypoglossal  nerve  are  under  the  floor  of  the 
fourth  ventricle,  on  each  side  of  the  raph6.  Beneath  the  main 
nucleus  of  the  hypoglossal  nerve  is  a  collection  of  cells  in  the  for- 
matio  reticularis,  called  the  hypoglossal  nucleus  of  Roller. 

Cortical  Connection. — The  motor  path  is  from  the  inferior  part 
of  the  central  convolutions. 

Anastomoses. — The  connections  of  the  hypoglossal  are :  1.  With 
the  superior  cervical  ganglion  of  the  sympathetic,  which  supplies 
vasomotor  fibers  to  the  vessels  of  the  tongue.  2.  The  plexus  gangli- 
formis  vagi  gives  a  small  lingual  branch  which  supplies  the  tongue 
with  sensory  fibers.  3.  The  hypoglossal  is  also  connected  with  tho 
upper  cervical  nerves. 

Physiology. — The  hypoglossus,  by  itself,  is  purely  motor.  It 
moves  the  muscles  of  the  tongue.  When  its  original  filaments  are 
torn  out  there  is  never  any  pain.  Sensibility  of  its  terminal  branches 
is  due  to  anastomoses  with  the  lingual.  When  the  hypoglossus  is 
cut,  the  tongue  remains  quiescent  in  the  mouth. 

In  unilateral  paralysis  of  the  hypoglossus  the  tongue,  when  pro- 
truded, passes  over  to  the  paralyzed  side.  This  phenomenon  is  occa- 
sioned by  the  action  of  the  genio-hyo-glossus  of  the  sound  side. 

LiTEBATUBB  CONSULTED. 

Gordinier,  "Nervous  Syatem." 


CHAPTER  XXI. 

REPRODUCTION. 

All  physiological  phenomena  described  in  the  previous  chapters 
have  as  their  ultimate  result  the  inaintenanee  of  the  life  of  the 
individual  itself.  No  matter,  however,  with  what  regularity  these 
physiological  processes  are  taking  place,  the  life-period  of  a  given 
animal  is  not  of  an  unlimited  duration.  Sooner  or  later  the  more 
or  less  complicated  mechanism  stops  its  activity,  and  the  individual 
ceases  to  exist.  With  its  death,  not  only  all  traces  of  the  former 
existenfce  of  the  individual,  but  also,  with  it,  the  existence  of  the 
entire  species  to  which  the  individual  belonged,  would  be  entirely 
wiped  out,  had  nature  not  provided  for  a  process  of  rejuvenation^  as 
it  were,  of  all  living  beings.  This  very  important  and  peculiar  phe- 
nomenon in  the  economy  of  all  living  organisms,  animal  as  well  as 
plant,  is  generally  known  as  the  process  of  Reproduction,  the  ulti- 
mate aim  of  which  is  to  maintain  the  species.  We  have  to  confine 
ourselves  to  a  consideration  of  animal  reproduction  only,  and,  even 
here,  we  find  this  important  process  carried  out  in  various  ways.  In 
lower  animals,  in  which  a  specialization  of  different  parts  of  the  body 
to  different  functions  is  not  yet  established,  the  process  of  reproduc- 
tion is  also  more  or  less  simple.  The  body  of  an  amucba  becomes 
constricted  and  finally  is  divided  in  two  halves,  and  each  of  these 
halves  becomes  a  fully  developed  animal,  capable  of  multiplying  in 
the  same  fashion.  A  portion  of  a  hydra,  separated  from  the  living 
animal,  is  capable  of  developing  into  a  complete  new  hydra.  This 
method  of  reproduction  is  called  nvn-sexuaL 

Throughout  the  greatest  part  of  the  animal  kingdom,  where  we 
find  well-defined  physiological  division  of  labor  in  regard  to  other 
vital  functions,  we  also  find  the  function  of  laying  the  foundation 
for  perpetuating  the  species  assigned  to  special  parts — organs  of 
reproduction.  The  product  of  these  specialized  organs  is  known  in 
modem  biology  as  the  germ-plasm,  and  it  is  upon  this  structure  that 
the  formation  of  a  new  individual  and  the  transmission  of  all  the 
qualities  from  the  parents  to  the  offspring — the  heredity — are  con- 
sidered to  depend.  The  starting  point  for  the  development  of  every 
individual  we  find  represented  in  a  tyj)ical  (m»]1,  called  an  M*i/m,  con- 
taining  the   germ-plasm,    and    thoreforc    also    called    germiiinl   rrll, 
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the  eighteenth  and  part  of  the  nineteenth  centuries,  we  find  among 
inveetigators  and  interpreters  of  this  phenomenon  two  extreme  yiews 
represented.  Some  investigators  considered  the  spermatozoon  as  a 
Teiy  minute  but  complete  animal — animalctUus — containing  all  the 
organs  of  its  parent  animal  en  miniature.  By  means  of  a  slender 
tail  they  were  supposed  to  move  around  until  they  found  an  appro- 
priate soil — the  ovum — to  which  they  became  attached  and  from 
which  they  received  the  necessary  stimulus  to  grow,  and  gradually 
attained  the  size  characteristic  to  the  type.  The  advocates  of  this 
▼lew  have  been  known  as  animalculisis. 

The  advocates  of  the  other,  extremely  oppo- 
site, view — the  ovists — considered  the  ovum  to  be 
like  the  bud  of  the  plant,  containing  all  the  parts 
of  the  future  animal  wrapped  together,  and,  being 
met  by  the  spermatozoon,  the  parts  received  a 
stimulus  for  their  unfolding  and  growth  until  the 
typical  size  has  been  reached.  It  is  obvious  that 
these  both  extreme  views  are  based  on  a  common 
supposition  that  either  the  spermatozoon  or  the 
ovum  represents  an  already  preformed  organism, 
and  therefore  both  of  these  views  have  accord- 
ingly been  known  as  the  theory  of  preformation. 
A  detailed  account  of  other  theories  on  this  sub- 
ject is  generally  given  in  text-books  of  embry- 
ology. For  the  understanding  of  the  physiolog}' 
of  reproduction,  it  suffices  to  state  that  subsequent  Fig.  379. — ^Human 
investigations  have  proven  conclusively  that  SpermatoaoCn. 
the  ovum  as  well  as  the  spermatozoon  repre-  (Mantox.) 
sent  but  single  cells.  Simultaneously  with  the  astonishing  facts, 
revealed  during  the  last  few  decades,  of  the  structure  and  life-his- 
tory of  the  cell  in  general,  which  arq  presented  in  the  first  chapter 
of  this  book,  very  much  light  has  been  thro^m  on  the  structure  and 
life-history  of  the  cellular  elements  specialized  for  reproduction. 
According  to  the  facts  known  at  the  present  time,  it  is  pretty  well 
establislied  that  both  the  spermatozoon  and  the  ovum  originate  from 
the  same  source,  the  germinal  epithelium;  both  undergo  a  prelim- 
inary process  of  ripening,  maturation,  before  they  are  able  to  par- 
ticipate in  fertilization;  and,  while  the  role  assigned  to  one  of  them 
in  the  latter  process  is  not  exactly  the  same  as  the  rdle  assigned  to 
the  other,  they  are  nevertheless  equivalents  in  regard  to  their  ultimate 
significance  for  the  process  of  producing  a  new  individual. 
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To  fully  appreciate  the  different  stages  of  the  process  of  repro- 
duction mentioned  above,  a  brief  account  of  the  origin,  formation, 
and  structure  of  the  ovum  and  spermatozoon  is  essentiaL 

The  beginning  of  the  differentiation  of  the  organs  of  the  animal 
body  from  the  blastoderm,  of  which  we  will  speak  later,  we  find 
expressed  in  the  arrangement  of  the  building  material,  so  to  speak, 
in  three  distinct  so-called  germinal  layers — an  outer  layer,  the  ecto- 
derm; an  inner  one,  the  entoderm;  and  between  these  two  a  middle 
layer,  the  mesoderm.  The  first  two  layers  we  find  very  well  defined 
in  all  Metazoa,  and  from  them  all  vital  organs  of  the  body,  composed 
of  epithelium,  are  developed.  The  middle  layer  supplies  the  sup- 
porting and  connective  tissues  and  the  vascular  system.  In  the 
lower  types  of  Metazoa,  which  require  very  little  supporting  material, 
and  in  which  a  special  vascular  system  is  not  present,  we  find  also 
the  mesoderm  very  scantily  presented.     The  higher  the  type  of  the 


I^ig.   380.— Transection  of   Chick  Embryo,   Showing  the   Three 

Plastodermic  Layers.     (Manton.) 

animal,  the  more  we  find  the  mesoderm  developed,  until  we  finally 
see  it  not  only  as  a  well-defined  single  layer,  but  it  becomes  split 
into  two  secondary  layers :  one,  the  parietal  mesoderm,  which  follows 
and  gives  support,  and  supplies  blood-vessels  and  nerves  to  the 
ectoderm  and  its  derivatives,  and  a  second  one,  the  visceral  mesodemiy 
which  acts  in  the  same  way  for  the  entoderm.  The  space  formed 
between  them  constitutes  the  future  body  cavity  or  coelom.  It  is 
in  this  middle  laver  where  we  find  the  first  traces  of  the  two  kinds 
of  the  elements  of  reproduction — the  spermatozoa  and  ova.  In  the^ 
lower  types,  with  scanty  mesoderm,  we  find  these  elements  loosely 
scattered  within  it;  in  the  higher  types,  with  well-defined,  double- 
layered  mesoderm,  we  find  certain  parts  of  it  crystallized,  so  to 
say,  as  organs  of  reproduction — the  ovaries  and  testicles.  It  was 
Waldeyer  who  first  called  attention  to  the  fact  that  a  certain  part 
on  the  visceral  layer  of  the  mesoderm  becomes  thickened  and  forms 
the  so-called  genital  ridge,  which  gives  rise  to  the  organs  of  the 
primitive  genito-urinarj^  apparatus.     A  part  of  the  ridge-cells  be- 
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comes  the  above-mentioned  germinal  epit/ulium  ot  Waldeyer^  bectnae 
it  ia  these  cells  which,  bj  tbeit  down-growth  into  the  snbjBcent 
layers,  gradnall;  become  transfoTmed,  first,  into  indifferent  sexual 
cells,  and,  ultimately,  into  spermatozoa  or  ova,  as  the  case  may  be. 
Leaving  out  the  detailed  account  of  the  development  of  the  testicle  and 
ovaiy,  to  be  tonnd  in  text-books  on  embryology,  we  have  to  consider 
the  formation  of  the  spermatozoa  and  ova  as  it  takes  place  in  a  fully 
developed  ovary  or  testicle.     In  the  seminiferous  tubules  of  the  testi- 


Fig.  3SI. — Diagram  Shoning  Developnient  uf  Spermatoma  in  a  SeMlnal 
Tubule.     (McMURBiCH.) 


cle  we  find  five  pbyeiologically  different  kinds  of  cells.  Covering 
the  inner  surface  of  the  basement  membrane  of  the  tubule  we  find 
the  so-called  layer  of  parietal  cells,  consisting  of  two  kinds  of  cella, 
of  a  different  physiological  character:  (1)  the  sustentacular,  and  (8) 
the  spermatogenic  cells.  Both  kinds  undergo  karyokinetic  mnltipii- 
cation,  but  the  fate  of  their  offspring  is  different.  Each  offspring 
of  a  sustentacular  cell,  after  attaining  its  full  size,  is  not  only  mor- 
phologically, but  also  physiologically,  fully  equivalent  to  the  parent 
cell,  as  it  is  ready  to  serve  its  ultimate  definite  purpose — supporting 
and  generally  uniting  with  other  cells  of  its  kind,  it  forms  stronger 
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supporting  unite,  the  so-called  columns  of  Sertoli.  In  regard  to  the 
spermatogenic  cells,  we  see  an  entirely  different  state  of  affairs.  The 
function  of  each  spermatogenic  cell  is  nothing  else  but  to  undergo 
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Fig.  382. — Schema  to  Indicate  the  Process  of  Maturation  of  the 
Spermatozoa.     (Boyebi.)      (Howell.) 

1,  Primarj  tpeniMtocjtea.    2,  Secondary  spermatocytei.    3.  Spermatida.    4,  Spermatocoa. 
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Fig.  383. — Diagram  Showing  Essential  Facts  in  the  Maturation 

of  the  Egg.     (Wilson.) 

1,  First  polar  body.      2,  DlTision  of  lint  polar  body.      8,  Three  polar  bodies.      4,  Female 

pronodetis. 

karyokinesis  and  form  two  cells,  called  mother-cells.  Each  motlier- 
cell  performs  the  similar  function  and  gives  rise  to  two  other  cell?. 
called  daughter-cells;  hut  these  cells  differ  from  their  two  consecu- 
tive   predecessors.     They    do    not    multiply    further,    but    in    the 
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material  constituting  their  structure  a  rearrangement  takes  place, 
and  gradually  each  of  these  daughter-cells  becomes  transformed  into 
a  spermatozoon,  with  its  characteristic  parts :  the  head,  middle  piece, 
and  tail.  It  is  evident,  therefore,  that  each  spermatogenic  cell  gives 
rise  4,0  four  spermatozoa,  all  equally  qualified  to  take  part  in  the 
physiological  process  assigned  to  them — fertilization.  This  is  dia- 
gramatically  represented  in  the  figure  of  Boveri  (Fig.  382). 

In  the  ovary  we  find  the  Graafian  follicle,  containing  two  dif- 
ferent kinds  of  cells:  one  large  one,  the  ovarian  ovum,  correspond- 
ing to  the  spermatogenic  cell  of  the  testicle;  and  more  numerous 
smaller  ones,  supporting  or  protecting  the  larger  by  forming  a  cap- 
sule, as  it  were,  around  it  and  constituting  the  membrana  granulosa 
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4 
Fig.  384. — Schema  to  Indicate  Process  of  Muturation  of  Ovum. 

(  BOVEBI. )        ( ROWELL. ) 

1,  OTurian  egg.   2,  First  |>oUr  body.  8,  Abortire  ot»  resuItlDg  from  dlTiBlon  of  first  polar 
bodj.    4,  Second  polar  bodr,  abortire  OTum.    6,  Mature  egg. 

with  its  discus  proligerus.  Like  the  spermatogenic  cell,  the  ovarian 
ovum  also  undergoes  the  karyokinetic  division,  but  with  somewhat 
different  result.  We  find  two  cells  formed,  one  of  which  is  very  large 
and  contains  the  chromatin  substance  and  the  cytoplasm  in  the  same 
proportion  as  the  vgg  cell,  and  another,  which  is  very  small  and  con- 
tains only  chromatin,  and  little  cytoplasm.  A  second  division  of 
the  larger  cell  takes  place,  with  the  same  result,  forming  again  one 
large  cell  and  one  very  small  one.  The  first  small  cell,  in  the  mean- 
time, frequently  also  divides  in  two,  and,  because  the  three  small 
cells  are  found  grouped  together  on  one  of  the  poles  of  the  large 
cell,  they  received  the  name  polar  bodies.  They  take  no  part  in  the 
processes  following,  and  gradually  disappear.  The  large  remaining 
cell  is  the  mafure  ovum,  the  one  which  is  qualified  for  fertilization, 
and  the  series  of  changes  through  which  the  ovarian  ovum  has  to 
pass  to  become  so  qualified  is  called  maturation.  The  parallelism  in 
the  changes  which  take  place  during  formation  of  the  two  sexual 
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Fig.  39S. — Schematic  Representation  of  the  Proceenes  Occurring  During 
Celi-diviaion.      {BovBSi.)      (Uoweu.:) 


KEPRonrcTioN.  sr)7 

gen;  in  salmon  it  forms  nearly  a  third  of  the  whole  weight.  By 
breaking  up  the  protamins  by  acids  it  was  found  that  the  chief  ele- 
ment in  the  protamins  is  arginin,  with  the  hcxone  bases.  In  the 
semen  of  the  carp  (cyprinus  carpio)  Miescher  obtained  no  protamin, 
but  a  "peptonelike''  substance  with  basic  properties  which  is  a  histon, 
which  makes  bases  very  easily  with  acids.  The  histon  possesses  the 
usual  properties  of  the  albumins. 

The  nucleo-proteids  in  the  heads  of  all  spermatozoa  are  a  nucleic 
acid  compound.  The  nucleic  acids  of  sperm  are  organic  phosphoric 
acid  combinations.  The  protamins  and  histon  have  been  found  only 
in  the  semen  of  some  fishes,  and  not  in  that  of  mammals. — Burian — 
Afiher  und  Spire's  Ergebnisse  der  Physiologic,  Part  I,  1904. 

Erection. — The  erectile  tissue  of  the  male  is  formed  by  the 
penis,  formed  of  corpora  cavernosa  and  the  corpus  spongiosum. 
During  erection  the  penis  is  gorged  with  blood,  due  to  the  arterioles, 
which  are  supplied  by  vasodilator  nerves  in  the  nervus  erigens. 
Besides  the  vasodilation,  the  return  flow  of  blood  bv  the  dorsal  vein 
ia  partially  arrested  by  the  muscle  of  Houston.  The  smooth  mus- 
cles of  the  trabeculae  also  aid  in  the  act  of  erection.  Erection  is  a 
reflex  phenomenon,  and  the  center  is  located  in  the  lumbar  cord.  The 
sensory  nerve  concerned  is  the  pudic,  for  Eckhard  found  that  section 
of  this  prevented,  in  the  dog,  any  erection  when  the  glans  penis  was 
irritated.  Other  irritations,  as  of  the  testes  or  the  prostatic  urethra, 
lead  to  erection.  A  full  bladder  in  the  morning  is  also  frequently 
accompanied  by  a  passive  erection,  due  to  a  compression  of  the  ven- 
ous plexus  of  Santorini  by  the  bladder.  The  genito-spinal  center 
in  the  lumbar  region  is  also  affected  by  impulses  coming  from  the 
brain,  which  may  be  of  two  kinds,  excitatory  and  inhibitory.  The 
penis  also  receives  vasoconstrictor  fibers,  which  emanate  from  the 
second  to  fifth  lumbar  nerves,  and  reach  the  penis  either  by  the 
pudic  or  the  hypogastric  plexus.  The  surface  of  the  organ,  its 
integument,  usually  slightly  folded,  becomes  tense,  and  the  engorged 
subcutaneous  veins  are  seen  beneath  the  surface.  During  erection 
the  clonic  contraction  of  the  bulbo-cavernous  muscle  pushes  the 
blood  towards  the  glans.  These  muscles  are  aided  in  a  similar  man- 
ner bv  the  ischio-cavernous  muscles.  These  two  muscles  have  been 
compared  to  peripheral  hearts  in  the  vascular  movement  of  this 
organ.  In  disease  of  the  spinal  cord  erection  is  often  lost  or  sup- 
pressed, so  that  coitus  is  impossible. 

Ejaculation  of  Semen. — At  the  moment  of  erection  the 
urethral  canal  becomes  filled  with  a  secretion  of  its  different  glands. 
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All  these  glands  and  the  seminal  vesicles  furnish  a  liquid  capable 
of  diluting  and  liquefying  the  semi-solid  semen  as  it  leaves  the  vas 
deferens.  The  smooth  muscles  of  the  vasa  deferentia,  vesiculss 
seminales^  aided  by  the  dartos  and  cremaster  muscles,  which  com- 
press the  testicles,  make  semen  accumulate  in  the  urethra  between 
the  congested  verumontanum  (which  prevents  its  regurgitation  into 
the  bladder)  and  the  urethral  sphincter. 

The  friction  of  the  glans  is  the  cause  of  the  ejaculation.  This 
friction,  in  a  reflex  manner,  causes  the  involuntary  and  spasmodic 
contraction  of  the  vas  deferens  and  of  the  seminal  vesicles. 

The  escape  of  semen  in  jets  is  due  to  the  rhythmic  contraction 
of  the  bulbo-cavernous  and  ischio-cavernous  muscles,  aided  by  the 
other  muscles  of  the  perineum.  Ejaculation  is  accompanied  by  a 
general  excitement  of  the  brain.  However,  Goltz  has  shown  that 
after  a  transverse  section  of  the  cord  in  the  dog,  ejaculation  can  still 
ensue. 

Castration. — In  castrating  a  bull  or  a  guinea-pig  it  is  found 
that  the  thymus  is  greatly  retarded  in  its  stage  of  atrophy,  so  that 
the  thymus  of  an  ox  exceeds  considerably  that  of  a  hull.  The  testes 
greatly  increase  in  size  in  guinea-pigs  after  removal  of  the  thymus. 
Hence  it  is  probable  that  the  thymus  has  an  internal  secretion  which 
controls  the  growth  of  the  testicles. 

Prostate. — The  secretory  nerve  of  the  prostate  gland  is  the 
descending  branch  of  the  inferior  mesenteric  ganglion.  The  vaso- 
dilator fibers  of  the  prostate  arc  contained  in  the  nervus  erigens 
and  its  two  branches.  The  vasodilation  of  erection  is  accompanied 
by  a  vasodilation  in  the  prostate.  When  atropin  is  given,  irritation 
of  the  secretory  nerves  of  the  prostate  is  without  effect.  Pilocarpin 
increases  the  secretion. 

Henstmation. — In  the  adult  female  during  certain  age-limits 
there  occurs  a  discharge  from  the  genitalia  once  about  every  twenty- 
eight  days.  This  periodical  discharge  consists  of  blood,  dead  and 
disintegrated  epithelium  from  the  uterus,  and  mucus  from  the  glands 
of  the  uterus. 

With  the  discharge  of  the  above-named  materials  there  is  usually 
expelled  at  the  same  time  one  or  more  ova  from  their  follicles.  How- 
ever, ovulation  and  menstruation  may  be,  and  very  often  are,  inde- 
pendent of  one  another.  The  onset  of  menstruation  is  usually  her- 
alded and  then  accompanied  by  certain  constitutional  signs  of  full- 
ness and  pain  in  the  pelvic  region.  There  is  a  real  congestion  of 
all  of  the  pelvic  organs;  in  particular  the  uterine  mucous  membrane 
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is  swollen  and  congested.  From  it  are  derived  the  blood  and  epithe- 
lium of  the  menstrua!  flux.  By  some  authorities  it  is  claimed  that 
the  entire  uterine  mucous  membrane  is  exfoliated  at  every  flui,  to 
be  regeuerated  in  the  itUerim. 

It  has  been  found  by  observers  that  congestion  of  the  ovary 
coincident  with  sexual  intercourse  is  capable  of  rupturing  Graafian 
follicles  and  so  liberating  ova.  From  this  it  is  reasonable  to  sup- 
pose that  the  congestion  and  high  tension  of  the  generative  organs 
during  the  time  of  menstruation  would  surely  accomplish  the  same 
end. 


Fig.  391.— Uterus  at  Menstrual  Perictd,  Showing  CongeeUd  Ar*ft 
and  DeHtructinn  of  Mucous  Membrane.  (Photomicrogri.ph  bf 
Grahu.)     (Gilliam.) 

The  usual  period  of  a  female's  life  during  which  she  menstruates 
is  from  puberty  (from  the  thirteenth  to  the  fifteenth  year)  to  the 
climacteric,  or  trunopause  (about  the  forty-fifth  year).  Its  cessation 
at  the  latter  period  denotes  the  end  of  the  childbearing  period. 

The  cessation  of  menstruation  may  be  abrupt  or  gradual,  and 
is  frequently  accompanied  by  disturbance  of  the  physical  and  the 
mental  functions.  Kemoval  of  the  ovaries  usually  causes  menstru- 
ation to  cease;  occasionally,  however,  menstruation  persists.  If 
after  the  ovaries  arc  removed  and  menstruation  has  ceased,  an  orary 
is  transplanted,  then  menstruation  returns, 
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Theoby  of  Mekstbuation. — There  are  two  theories.  In 
Pflueger^s  theory,  the  discharge  of  blood  is  looked  upon  as  a  phy- 
siological freshening  of  the  tissue,  like  in  surgery,  for  the  recep- 
tion of  the  ovum  and  its  union  with  the  mucous  membrane. 

In  Reichert's  theory,  before  the  discharge  of  the  ovum  a  change 
takes  place  in  the  uterine  mucous  membrane,  which  becomes  swollen 
up,  more  spongy,  more  vascular,  and  more  ready  to  nourish  an 
impregnated  ovum.  If  the  ovum  is  not  impregnated,  then  there  is 
degeneration  of  the  uterine  mucous  membrane,  and  a  flow  of  blood 
ensues. 

Both  theories  believe  that  menstruation  is  a  preparation  of  the 
uterine  mucous  membrane  for  the  reception  of  the  ovum. 

It  is  usually  recognized  that  ovulation  is  arrested  during  preg- 
nancy and  lactation.  The  amount  of  menstrual  blood  ia  usnall; 
about  4V2  ounces,  and  the  flow  generally  lasts  four  days. 

Marshall  and  Jolly  have  shown  that  ovulation  cannot  be  the 
cause  of  either  heat  in  animals  or  menstruation.  They  show  that 
the  whole  procestrous  process  is  of  the  nature  of  a  preparation  for 
the  attachment  of  the  embryo  to  the  uterine  mucous  membrane. 
The  ovary  of  a  mammal  elaborates  an  internal  secretion  which,  at 
recurring  periods,  is  the  cause  of  the  procestrous  and  the  oestrous. 
The  corpora  lutea  form  a  ductless  gland,  which  is  necessary  for  the 
nutrition  of  the  trophoblast  during  the  early  stages  of  pregnancy, 
and  subsequently  atrophies. 

Bond  believes  the  endometrium  has  a  saline  secretion  peculiar 
to  the  anoestrous  state;  that  some  substance  is  elaborated  by  the 
pregnant  uterus  which  stimulates  the  growth  of  the  corpora  lutea 
in  transplanted  ovaries.  He  believes  the  ovary  furnishes  a  secre- 
tion having  an  anabolic  influence  on  the  uterus  and  produces  the 
oestrus.  The  saline  uterine  secretion  is  antagonistic  to  the  action 
of  the  ovarian  secretion. 

Corpus  Luteum. — The  place  in  the  ovary  where  the  bursting  of 
a  Graafian  follicle  by  the  overdistension  of  the  liquor  f olliculi  ensue? 
is  usually  filled  up  with  what  is  known  as  the  corpus  luteum.  The 
follicle  collapses,  and  in  its  interior  remains  a  lining  of  granulosa  cells 
and  a  clot  of  blood.  Cells  of  the  corpus  luteum,  containing  a  yellow 
body  (lutein),  are  formed  from  a  proliferation  of  the  internal  con- 
nective-tissue cells.  If  pregnancy  ensues,  the  true  corpus  luteum  is 
larger,  thicker,  and  deeper  in  color  than  the  false  corpus  luteum  of 
menstruation. 
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Fig.  £98-— Nornul  Uterine  Contraction,  Effect  of  M»iiimi!7;0Iaiid 
Ilztract  on  Uterine  Contractioit. 


Fig.  8980-— Attec  Effect  ot  'A  Grain  of  Extract  of  Mammary  01«i»d. 
Read  from  left  to  right    Time  marks  ei-ery  5  ucaiid>- 
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iiiucuus  membrane  of  the  uterus^  to  push  against  the  walls  of  the 
large  vessels  found  there  and  whose  structure  is  similar  to  that  of 
capillaries.  The  cells  comprising  the  villi  act  as  an  osmotic  mem- 
brane through  which  osmosis  occurs.  By  this  means  oxygen  and 
nutritive  lymph  pass  from  the  mother's  blood  to  that  of  the  foetus. 
On  the  other  hand,  the  foBtal  blood  gives  off  carbon  dioxide  and 
probably  urea.  There  is  no  intermingling  of  the  two  blood-currents, 
tince  there  is  always  a  layer  of  epithelium  to  act  as  a  limiting  mem- 
brane. 

Foetal  Ciroulation. — The  blood  is  brought  to  the  body  of  the 
fcetus  by  the  umbilical  vein.  Some  of  this  oxygenated  blood  passes 
through  the  liver  to  the  hepatic  veins,  to  be  emptied  into  the  inferior 
vena  cava.  The  remainder  of  the  umbilical  blood  passes  into  the 
inferior  vena  cava  through  the  ductus  venosus. 

The  blood,  mixed  with  that  which  is  returned  from  the  lower 
extremities,  enters  the  right  auricle.  Guided  by  the  Eustachian 
valve,  it  passes  over  into  the  left  auricle  through  the  foramen  ovale. 
The  blood  now  courses  through  the  left  ventricle,  aorta,  the  hypo- 
gastric and  umbilical  arteries  to  the  placenta. 

The  blood  is  returned  from  the  head  and  the  upper  extremities 
to  the  right  auricle  by  the  superior  vena  cava.  This  stream  of  blood 
])asses  through  the  auricle  and  auriculo-ventricular  opening  directly 
into  the  right  ventricle,  guided  by  the  tubercle  of  Lower.  The  blood 
next  passes  into  the  pulmonary  artery.  Some  of  it  (enough  to  nour- 
ish the  solid  lung-substance)  passes  to  the  lungs,  but  the  major  por- 
tion passes  into  the  aorta  through  the  ductus  arteriosus.  When  in 
the  aorta  it  takes  the  course  of  the  blood  from  the  left  ventricle  to 
finally  reach  the  placenta.  The  blood  to  the  lungs  returns  to  the 
left  auricle  through  the  pulmonary  veins. 

After  hirih  the  umbilical  arteries  are  obliterated  with  the  excep- 
tion of  their  lower  portions,  which  remain  as  the  superior  vesical 
arteries.  The  umbilical  vein  becomes  obliterated  and  remains  as  the 
round  ligament  of  the  liver.  The  umbilicals  become  impervious  soon 
after  cessation  of  the  placental  circulation. 

The  foramen  ovale  closes,  thereby  cutting  off  communication 
between  the  right  and  left  hearts.  By  the  second  or  third  day  the 
ductus  arteriosus  has  also  become  obliterated,  to  be  present  in  adult 
life  as  the  ligamentum  arteriosum. 

These  changes  in  the  circulatory  apparatus  are  dependent  upon 
the  establishment  of  pulmonary  respiration  at  birth.  The  first  in- 
spiration is  said  to  be  due  to  a  sensory  reflex  from  the  colder  air 
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worlds  could  take  place.  Haeckel  has  published  his  views  not  only 
for  scientific  readers,  but,  through  his  popular  publication,  he,  more 
than  any  one  else,  made  the  discussion  of  the  problems  of  evolution 
and  inheritance  accessible  to  the  public  at  large;  and  the  literature, 
scientific  as  well  as  unscientific,  called  forth  by  his  efforts,  for  and 
against  this  theory,  is  enormous.  The  scientific  investigations,  how- 
ever, have  failed  to  show  as  yet  a  single  instance  of  a  gastrula,  or 
its  modification,  developing  into  any  other  animal  than  one  similar 
to  that  from  which  it  itself  originated.  On  the  other  hand,  it  has 
been  conclusively  shown  that  the  physiological  differentiation  of  the 
cells  constituting  the  blastoderm  is  established  long  before  the  germ- 
inal layers  are  distinctly  differentiated.  We  must,  therefore,  con- 
clude that  the  lever  for  lifting  the  mystery  of  our  phenomena  is  to 
be  applied  at  an  earlier  period  than  the  already  formed  blastoderm. 
The  facts,  which  have  accumulated  within  recent  years,  on  the  mor- 
phology of  the  cell  and  its  physiological  manifestations  during  the 
process  of  reproduction  have,  as  we  have  seen  above,  been  astonish- 
ing. Particularly  the  nucleus  has  attracted  the  most  attention,  and 
it  has  been  shown  very  conclusively  that*  the  chromosomes  of  the 
nuclei  of  the  sexual  cells  are  the  principal  factors  in  transmitting 
the  hereditary  manifestations  during  reproduction.  The  most  recent 
studies,  particularly  those  of  Conklin,  have  revealed  the  fact,  how- 
ever, that  the  cytoplasm  of  the  egg-shell  also  has  a  more  highly  dif- 
ferentiated structure  than  was  suspected.  It  has  been  conclusively 
shown  that  many  of  the  future  organs  are  already  mapped  out  in  the 
two-cell  stage,  and  even  in  the  unsegmentated  ovum. 

It  was  only  natural  that  these  new  discoveries  should  exercise 
great  influence  upon  the  conception  of  evolution,  and  therefore  a 
new  theory,  embodying  all  the  newest  achievements,  could  be  expected 
to  be  received  with  favor.  This  new  theory  is  suggested  by  De  Vries 
as  the  "mutation  theory,"  and  is  founded  upon  the  phenomena  of  the 
cell-life.  It  is  a  theory  of  evolution  of  living  organisms  through 
evolution  of  their  germ-cells,  and  suggests,  in  the  words  of  Conklin, 
that  similarities  in  the  character  and  localization  of  the  material  sub- 
stances of  the  egg  must  be  the  initial  causes  of  all  similarities  or 
homologies  which  appear  in  the  course  of  development.  Modifica- 
tions of  this  germinal  organization,  however  produced,  are  probably 
the  immediate  causes  of  evolution;  and  if  it  is  to  be  accepted  as 
probable  that  certain  types  of  animals  have  been  derived  from  others, 
it  is  evident  that  such  transformations  might  be  accomplished  far 
more  easily  in  the  egg  than  in  the  adult.    Belatively  slight  modifica- 
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lions  in  the  geriniual  organization  would  convert  one  type  into 
another. 

We  find  here  the  question  raised,  whether  sudden  alterations  of 
germinal  organization  may  not  lie  at  the  base  of  the  origin  of  new 
types. 

How  much  nearer  this  new  theory  will  bring  us  to  the  proper 
ironception  of  the  physiological  "phenomenon  of  life'*  itself  and  the 
**phenomenon  of  reproduction"  of  living  beings,  as  a  manifestation 
of  the  preservation  of  energy  underlying  the  former,  remains  to  be 
seen.  The  solution  of  the  ultimate  and  most  mysterious  of  all 
problems — the  question  of  the  "origin  of  life" — seems  to  be  as  remote 
as  ever. 
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UNITS  OF  MEASUREMENT. 


French  Measures  of  Length,  Weight,  and  Volume. 

1  millimeter  =  Vjo  centimeter  =  Viooo  meter. 

1  centimeter  =  ^/^^q  meter. 
1  micromillimeter  (1  ft)  =  Viooo  millimeter. 
1  liter  =  1000  centimeters  cubes  (1000  c.c). 

Relation  between  Volume  and  Weight. 

1  c.c.  =  1  gramme. 
1  milligramme  =  Viooo  gramme. 
1  kilogramme  =  1000  grammes. 

Length.     French  to  English. 

1  centimeter  =   0.39371        inch. 

1  meter  =39.37079        inches. 

1  micromillimeter  =    0.00003937  inch. 

(To  convert  centimeters  into  inches  multiply  by  *Vss) 

Weight.     English  to  French. 

1  grain  =       0.0648  gramme. 

1  ounce  =      28.3495  grammes. 

1  pound  =   453.592 

1  stone  =        6.35  kilogrammes. 

1  cwt.     =      50.8  " 

1  ton      =1016  '' 


Weight.     French  to  English. 

1  gramme         =  15.432349  grains. 
1  kilogramme  =  2.2046213  pounds, 

or  about  35  ounces. 
1  milligramme  =   0.015432  grain. 
(870) 
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Volume.    English  to  French, 

1  cubic  inch  =    16.3861759  centimeters  cubes. 

1  fluid  ounce  =    28.3495 

1  pint  =567 

1  cubic  foot  =    28.3153  liters. 

Volume.     French  to  English. 

1  centimeter  cube  =   0.061027  cubic  inch. 

1  liter  (1000  c.c.)  =61.027  cubic  inches, 

or  35  fluid  ounces, 

or  V/^  pints. 
1  meter  cube  (1000  liters)  =  35.3  cubic  feet. 

Measures  of  Energy. 

1  kilo^rammeter  =  about  7.24  foot-pounds. 
1  foot-pound        =     "      0.1381  KgM. 

Mechanical  Equivalent  of  Heat. 
1  kilocalorie  =  424  (or  423.985)  kilogrammeters. 

Fahrenheit  and  Centigrade  Scales. 

To  convert  Fahrenheit  into  Centigrade  subtract  32  and 

multiply  by  Vq- 

To  convert  Centigrade  into  Fahrenheit  multiply  by  Vs 

and  add  32. 
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Alcohol,  44 

heat  value  of.  500 
Alcoholic  fermentation,  128 
Aleuron  granules,  36 
Alexia,  573 
Alimentary  canal,  47 
length,  47 

parts  of,   47 

substances,  38 
Alkali  albumin,  35 

Alteration  theory  of  nerve  currents,  595 
Alternate  hemiplegia,  693 
Alveolus,  51 
Amldo  acids.  34.   476 
Ammonia.  33.  460 
Ammonium  carbonate,  445 

magnesium  phosphate.  458 
Amnion.  856 
Amoeba.  9,  15 
AmcBbold  movement.   15 
Amphipyrenin,  13 
Ampulla,  769 
Amyloses,  28.  29 
Amyloses  or  starches.  29 

action  of  saliva  upon.  63 
pancreatic  Juice,   104 
Amylopsin,    104 
Anabolic  processes,  468 
Anatomy.  3 
Animal  heat.  506 
estimation  of,  513 
extremes   of  temperature,   512 
post-mortem  rises,  527 
Animals.  509 

cold  blooded,  609 

temperature  of,  509 
warm  blooded.  509 
Anions.   136 
Ankle  clonus.  629 
Anosmia.  747 
Anospinal  center.  131 
Anterior  columns,  617 
root  fibers.  617 
pyramids.  626 
Antero-lnteral  ascending  cerebellar    tract, 

619 
Antero-lateral  ground  bundle.  617 
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Blood,  laking.  177 
medico-legal  tc«t9.  211 
odor,  168 
oxygen  In,  200 
plgmcntB  in  urine,  4C»2 
plasma.   197 
plates  of.    183 
protelds  of.  198 
quantity  of,  169 
reaction.  167 
renewal  of,  208 
serum.  197 
specific  gravity.   IW 
spectra,  194 
taste,   168 

temperature  of,  168 
estimation  of.  Ifid 
transfusion,  209 
volume  of,  198 

Welckrr's  estimation.  169 
venous.  170 
Blood-corpuscles.  171 
blood-platelets.  18.1 
cbemiral  compopition  of,  189 
chemistry  of,  197 
count  of.  174 
destruction  of.  186 
diapedesis  of.  182 
experiments  upon.   177 
of  different  animals.  1*09 
parasites,  172 
vitality  of.   174 
red  corpuscles,  action  of  inorganic  sub- 
stances. 178 
destruction  of.  186 
formation  of,  185 
in  extra-uterine  life.  186 
in  intra-uterine  life.  18r» 
function  of.  211 
life  cycle  of,  174 
methods  of  counting.  174 
number.  173 

conditions  affecting.  173 
parasites,  172 
place  of  destruction,  187 
rouleaux.   172 
shape.  171 
size,  171 
white  corpuscles.  179 
iiracrbold   movements  of.    ISO 
disappear  when  blood  is  drawn.   171) 
function  of,  181 
number  of,  179 
origin    of,    183 
structure  of.  180 
variations  in  number.  179 
varieties,  180 
whore  found,  181 
Blood-crystals,  190 
Blood-platelets,  183 
Blood -pressure,  296 

effect  of  vagus  on.  368 
extremes  of,  307 
in  man,  303 
measurement  of    299 
pathological,   307 
respiratory   wave,  302 

causes.  302 
Traube-Hering  rurve  of.  308 
variations  of.  306 
venous,  309 
Blood-vessels,  284 
circulation  In,  284 
Weber's  schema,  283 
Body,  chemical  constituents  of.   25 
Bowditch  stair-case  contraction,  273 
Body  cavity,  6 
Bony  labyiinth,  763 
Bowman*!  capsule.  436 
Boyle-Van  t  Hoff  law,  139 


Bovcrl  on  fertilisation,  849 

Brain   (see  cerebellum,  pons,  etc.). 

action  of  extracts  of.  706 

aqueduct  of  Sylvius.  639 

artery  of  haemorrhage,  669 

blood-supply  of.  668 

circulation  in,  319 

claustrum,  663 

corpora  quadrigemina.  ^4 

corpora  striata.  668 

external  form,  642 

extirpation  of.  695 

fissures  of,  642 

fourth  ventricle,  638 

ganglia  of.  650 

gray  matter  of.   648 

internal  capsule.  6.i4 

lobes.  646 

motor  areas.  697 

optic  thalamus,  695 

sensory  areas,  697 

structure  of  convolutions  of.  649 

tracts,   cortico-pontal  cerebellar,  666 
motor,  666 
sensory.  658 

white  matter.  660 
Bread.  43 

Bread  Juice,  comparative  value  of,  79 
Breathing  (see  respiration). 
Bromelin.  104 
Bronchi.  342 

blood-supply  of.  343 

unstriped  muscle.  363 
Bronchial  system.  342 
Brunner's  glands,  93 
Buffy  coat.  200 
Bulb  (see  medulla). 
Bulbar  nerves.  682 
Burdach's  column.  621 
Butter.  43 
Buttermilk.  43 
Butyric  fermentation.  128 

rxriiEXiA  strumlprlva.  404 

Caecum.  94 

Caffeine.  46 

Caissons  and  effect  of  compressed  air,  394 

Caisson  paralysis.  394 

Calamus  scriptorius,  627 

Calcium  carbonate.  468 

oxalate.  468 

phosphate,  468 
Colorie.  500 
Calorimeter,  614 
Calyces  of  kidney.  436 
Camera  obscura,  793 
Canal,  alimentary.  47 

external   auditory.  760 
function.   760 

Petifs.   788 

Schlemm's.  775 

semi-circular  of  car.   768 

Stilltng's,  788 
Cannon's  experiments  on  stomach.  73 
Capacity  of  chest,  vital.  364 
Capillaries,  280 

anatomy  of.  280 

bile.  Ill 

blood-pressure  in.  309 

capacity,  280 

circulation   in.  281 

histology,  280 

passage  of  corpuscles  through  walls.  Mi 

rate  of  blood  In.  296 

size,  280 
Capillary  circulation.  292 

blood-pressure,  309 

swiftness,  296 
Capsule  of  Bowman,  436 

of  Ollsaon,  109 
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Capsule  of  Ten<m,  788 
Carbamld,  443 
Carbohydntes,  27,  St 

abaorption  of.  146 

heat  value  of,  600 
in  metabolism,  479 
Carboluria,  464 
Carbon  equilibrium,  493 

estimation   of,  493 
Carbon  monoxide,  393 
Carbon  monoxide  hsmoglobin,  192 
Carbonic  acid.  392 
in  blood,  200 
in  urine,  466 
Cardiac  glands,   70 

impulse,  236 

mucous  membrane,  76 

pathology,  832 

revolution,  234 

sphincter  in  vomiting,  87 

sympathetic,  711 
Cardinal  points  of  Oauss,   792 
Cardiograms,  238 
Cardiographs,  236 

Sanderson's,  236 
Cartilages  of  larynx.  564 
Caseanic  acid.    108 
Casein  (see  milk),  42 
Caseinogen,  42 
Catabolic  processes.  468 
Cataract,  782 
Cathlons,  136 
Cauda  equina,  608 
Caudate  nucleufi.  651 
Cell-division,  17 

direct,  19  • 

endogenous   nuclear   multiplication.   22 
indirect,  20 
Cells,  1,  7 

achromatin,  12 

afferent,   606 

animal  and  vegetable,  differences,  5 

blood  (see  blood -corpuscles). 

ciliated.  16 

constituents.  7 

definition,  7 

Deiters's.  693 

efferent.  606 

fatigue  of.  23 

gustatory,  739 

Langerhans's.   100 

nerve.  B96 

Nissl  granules.  599 

nuclear  sap.  12 

nucleolus.   13 

nucleus,  12 

olfactory.   744 

oxyntic.  71 

parietal.  71 

Purkinje's.  689 

selective  power  of,  136 

tactile,  728 

theory  of.  5 

vegetable,  6 

wall    8 
Celluli'fugal  fibers.  605 
Cellulipetal   fibers,   605 
Cement.  54 
Center  of  smell,  698 
Central  nucleus,  636 
Centrosome,  13.  21 

definition,  13 

division  of,  14 

number,  14 

size,  14 

staining  of,  14 
Cereals.  44 
Cerebellum,  684 

accessory  nucleus  dentatus,  686 

afferent  impulses,  692 


Cerebellum,  arbor  vits.  686 

center  of  coordination,  682 

corpus  dentatum,  686 

cortex,  structure  of,  687 

efferent  impulses,  692 

experiments  on,  691 

function  of,   692 

general  description,  685 

internal  structure,  687 

nuclei  of,  686 

median  lobe,  685 

peduncles,  693 

Purkinje  cells,  687 

section  of.  693 

spinal  cord  connections.  688 

surface  form,  686 

valley  of,  685 
Cerebral  convolutions,  structure  of  449 
Cerebral  cortex,  (M9 
ablation,  704 

action  of  brain-extracts  on.  TM 
motor  centers,  697 
sensory  centers,   698 
Cerebral  detrusor  center,  466 
Cerebral  hemispheres,  expert meoul  phft- 
iology  of,  704 
effect  of  destruction.  704 
irritability  of  cortex.  706 
Cerebral  peduncles.  636 
crusts.   637 
locus  niger,  637 
tegmentum.  638 
texture,   637 
Cerebrins.  607 
Cerebrospinal   fluid.   709 
action  of  drugs  on,  710 
composition,  709 
differences  from  plasma.  709 
origin.  709 
Cerebrum   (see  brain). 
Cerumen.  750 
Chambers  of  eye.  788 
Champagne.  45 

Charcot's  artery  of  hemorrhage.  659 
Cheirokinesthetic  center.  573 
Chemical  composition  of  the  body.  25 
Chemiotaxis.  16 
Chest  in  respiration.  349 

voice.  665 
Cheyne-Stokes  respiration.  378 
Chlorides  In   urine.   454 
Chlorophyll.   191 
Cblolagogues.   125 

Chloroform  on  electrical  responses.  6M 
Cholesterln.  116 
Cholln.  413 

Chorda  tendlnes   (see  heart). 
Chorda  tympani.  64 
Chorion.  856 

Chorlum  frondosum.  856 
Choroid   coat  of  eye.   776 
Chromatic  aberration.  71N 
Chromatic  nuclear  substance,  12 
Chromatolysls.  599 
Chromogen.  413 
Chromosomes.  21 
Chyle.  159 

coagulation  of,  159 

composition,  169 

corpuscles,   159 

flow,   159 

quantity,  163 
Chjrme.  87 
Cilia.    15 
Ciliary  movement,  15 

body,  779 

ganglion.  831 

muscles,   778 

processes.  778 

system,  789 
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Cilio-spinal  center,  681 
Circles  of  diffusion,  801 
Circulation.  229 

action  of  heart,  231 

capillary,  292 

comparatiTe,  219 

course  of,   229 

duration,  317 

early    discoveriea.    281 

in   blood-vessels,   278 
brain,  319 
frog's  foot.  294 
lower  animals,  219 
portal  system.  110,  229 
pulmonary  system,  229 
renal  system,   439 
systemic  system,  229 
venous  system.  318 

influence  of  asphyxia.  374 

pathological  conditions  of.  342 

of  blood.  231 

rapidity.  312 
Circulatory  system,  229 
Circumvallate  papill».  738 
Clarke's  column.  615 
Claudius's  cells.   757 
Claustnim,  653 
Clava,  627 
Climacteric.   859 
Coagulation  of  blood.  201 

oonditions  afTecting,  2t»5 

factors  of,  203 

of  milk,  42 

process  of.  tabulated.  203 

rapidity,  201 

theories  of,  202 

why  it  does  not  in  vessels,  207 
Coagulases,  62 
Cocoa,  45 
Cochlea,  754 
Cochlear  nerve.  7r»7 
Coffee,  45 
Coffeon.  45 

Cohesion  of  nerves,  607 
Cohnheim's  areas.  533 
Cold-blooded  animals,  509 
Cold  spots,   733 
Colloids,  142 
Colon.  94 

Colon  bacillus.  128 
Color-vision,   805 

blindness,  807 

phenomena  of  perception.  806 

sensations,  806 
Colostrum,  41 

corpuscles.  43 
Comma-tract,  621 
Commissures  of  rord.  622 
Complemental  air.  35r> 
Complementary  colors,  807 
Compounds,  25 

inorganic,  25.  26 

organic,  25,  28 
Compressed  air  of  caisson,  ^i 
Cones,  734 

Conjugate  deviation.   756 
Conjugated  sulphates,  4.S4 
Conjunctiva,  773 
Conklin's  discoveries,   868 
Connective- tissue  spaces,  ITit 
Contractility  of  muscle.  5.% 
Contraction  of  pupil.  781 
Convolutions  of  brain.  645 
Cord,   spinal   (see  spinal   cord). 
Corium.  727 
Cornea.  773 
Coronary  arteries.  246 
Corona  radiata.  654 
Corpora  quadragemina,  654 
Corpora  striata.  650 


Corpus  callosum,  642 
Corpus  dentatum.  686 
Corpus  luteum.  860 

of  menstruation.  860 

of  pregnancy.  860 

spongiosum,  857 
Corpus  striatum,  650 
Corpuscles   (see  names  of). 
Corti  arches,  756 

canal,  756 

membrane.  757 

organ  of,  756 
Cortical   epilepsy,   700 
Cortico-pontal-cerebellar  tract,   €87 
Coughing,  378 
Cranial  ganglia,  650 
Cranial  nerves,  820 
decussations,  820 
origin,  822 

spinal  nerves,  comparison  with,  m 
Creatinin.  450 
Cremasteric  reflex,  680 
Cresol,   124 
Cretinism,  404 
Crico-arytenoid  muscle,  567 
Cricoid  cartilage,  564 
Crista  acousticsB,  627 
Crossed  pyramidal  tract.  619 
Crowbar  case,  706 
Cruciate  centers,  521 
Crusta,  637 
Crusta  petrosa,  54 
Cryoscopy,  1C9 
Crystalline  lens.  781 
CrysUllolds.  142 
Cnneate  nucleus,  628 
Cuneus,  699 
Cupola,  754 
Curdling  ferments.  77 
Currents,  nerve,  593 
Cutis  vera.  727 
Cytotoxins,  216 
Cystic  duct,  112 
Cystine,  458 

Daltonism,  807 
Darwin  on  evolution.  867 
Descemet's  membrane.  774 
Decidua  reflexa.  853 
Decldua  scroti na,  853 
Defecation.    131 

center,  132 

mechanism  of.  132 
Degeneration  of  nerves.  676 
Deglutition.  58 

of  fluids.  59 

of  solids,  58 

(see  swallowing.) 
Dehydration.  468 
Deiter's  process,  600 

nucleus,  691 
Daland's  hematocrit,  176 
Demarcation  current.  591 
Demodox   folliculorum,  734 
Dendrons.  600 
Depressor  nerve,  266 
Dermis,  725 

Descending  tubule  of  Henle.  487 
Development  and  growth,  886 
Devrles's  mutation  theory,  868 
Dextrins,  29 

achroodrxtrin.  29 

erythrodextrin.  29 
Dextrose  in  urine,  460 
Diabetes.  552.    122 

adrenalin.  122  413 

experimental.  122 

Inhalation.  123 

Irritation  of  vagus  and  depreosor.  124 
I       pancreatic,   107 
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Falsetto  voice,  571 
Fasciculi,  529 
Fasting.  495 
Fatigue  of  cells.   23 
FaU.   29,   43 

absorption,    147 

composition,  29.  3t 

heat  value,  500 

human  fat,  30 

In  metabolism,  481 

olein.    30 

origin.  30.  481 

palmatin.    29,   30 

stearin,  30 
Fauces.  50 
Feohner's  law,   725 
Fehling's  test,  460 
Female  pronucleus.  H9 
Fenestra  ovale.   752 

rotundrum,   752 
Ferments     (see     blood,      milk,      digestive 
Juices),  61 

definition  of.  62 
Fermentation,  128 

acetic,  128 

alcoholic.   128 

butyric,    128 

lactic.  42.  128 

oxalic.    128 

tests  for  sugar,  460 
Fertilization,  849 
Fever.    524  • 

metabolism  In.  504 
Fibers,  muscular,  530 

length  of.  530 
Fibrin.   199 

Fibrin  ferment.  199.  202 
Fibrinogen.  37,  198,  202 
Fifth  cranial  nerve  (see  trigeminus). 
Filiform  papillae,   737 
Fillets.   640 
Filtration  secretion.  398 

theory  of  lymph.  161 
Fllum  termlnale,  608 
Fistula,  grstric,  81 
Flechsig's  association  areas.  701.  703 
frontal.   703 

parieto-occiplto  frontal.  703 
insular.  703 
Flour,  wheat  as  a  food.  44 
Foetal    circulation.    865 
Foods,  43,  44 

accessory.  44 

caloric  value,  500 

chemical  constituents.  24 

dally  amount,  39 

definition,  24,  488 

vegetable,  43 
Formatio  reticularis,  629 
Fourth  cranial   nerve   (see  trochlear). 
Fourth  ventricle.  633.  633 

boundaries,   633 

floor,  633 
Fovea  centralis,  786 
Fovea  hemlelliptica,  754 
Fovea  hemispherica.  754 
Fovea  posterior.   639 
Freesing   point,   139 
Function,   4 
Fungiform  papllls,  737 
Funiculus  cuneatus,  628 

gracilis.  628 

teres.  639 

Oall-bladder,  111 
Galvanometer.  bSS 
Ganglia  of  heart.  251 
Oases  of  intestines.  129 
Oastrtpa  theory  of  Haeckel,  868 
Gastric  digestion,  82 


Gastric  Juice,   74 

action  of,  82,  84 

action    of   bacteria,    86 

chemical   analysis.  75 

composition    of,    75 

excitants  of  flow.  74.  80 

effects  of  bitters.   K2 

fat-splitting  ferment.  84 

fistula   for.    7r> 

flow  of,  78 

function,  84 

methods  of  securing,  81 

mixed,  84 

pepsin   of.  83 

reaction  of.  75 

secretion  of,   75 

specific  gravity,  75 

theory  of  non -digestion  of  stomach,  86 

varies  in  composition  and  rate  of  se- 
cretion.  78,   79 
Oastrula.   851 

Gay-Lussac-Van't  HofT  law,  139 
Gelatin.  'SS 

Geniculate  bodies.  650 
Genito-splnal  center.  680 

urinary  apparatus.  465  * 

Germinal   cells.   841 

epithelium.   843 
Germplasm.  841 
Genu.    654 
Giantism.   420 
Glands  (see  names  of). 
Glands  of  intestines.  93 
Glass-blower's  |  ulse,  392 
Gllsson's  capsule.  110 
Globulins.  36,  37 
Glomerules  of  kidney,  437 
Glossoklnesthetlc  center.  573 
Glossopharyngeal  nerve.  68.  835 

distribution.  834 

function.  834 

origin,  834 

pathology,  834 

physiology,   834 
Glottis,   568 
Glucose,   28 

secretion.  123.  684 
Glycochollc  acid.  115 
Glycogen.  120.  121.  122 
GlycosamlD.  108 
Glycosuria,   122 
Gmelin's  test  for  bile,   116 
Golgl  stain.  601 
Goll's   column.    631 
Gower's  column.  619 
Graafian  follicle.  860 
Gram  calorie.  513 
Gram  molecule  solution,   140 
Grandry  corpuscles.  729 
Gray  matter  (see  cerebellum,  etc.). 
Great  longitudinal  fissure.  642 
Great  transverse  fissure.  642 
Growth  and  development.  866 
Guaiac  test  for  blood.  211 
Gullet  (sf'e  oesophagus). 
Gfinsberg's  test   for  hydrochloric   acid.   87 
Gustomoter,  Sternberg's,  740 
Gyrus,   fornlcatus,  647 

hippocampus,   648 

Habenula.  650 
Hiemacytometers,  174 

Thoma-Zeiss.    175 
Hiemagloblnuria.   453 
Hemianopsia.   819 
Haematachometer.  314 
Hsematoblasts.   183 
Hflproatocrit.  177 

Dalsnd's.  177 
Hnmatoldin,   191 
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Hsmatoporphyrtn.  191 
Hsmatln,  190 
Hnmin.  191 

chemical  properties  of,  191 

ciystals,   190 

tests  for,  191 
Haemochromogen.  194 

spectrum,  194 
Hamoglobin,  188 

amount.  194 

characteristics,  188 

composition,  188 

crystallisation,  187 

estimation  of  percentage.  195 

reduced,  190 

yarlations  in  amount,  190,  194 
Hsmolyslns,   178 

physiological  analogy,  178 
Hsemometer.  196 

Dare's.  197 

Von  Fleischl's.  195 
HflBmorrhage,  208 

effects  of.  208 

quantity  of  blood  in,  206 
Hair.   7S4 

chemical  composition,  736 

function.   735 

general  description.  735 
Hale's  blood -pressure  experiments.  299 
Hay's  test  for  bile.   115 
Hearing.    749 

anatomy  of  organ  of,  749 

auditory  nerve.  767 

binaural  audition,  767 

Eustachian   tube.  762 

general  description.   749.   750 

organ  of  Corti.  756 

semi -circular  canals.  768 

sense  of.   725 

theory   of,    766 
Heart.  221 

accelerator  center.  269 

action  of  vagus  on.  261 

areas  of  audibility,  245 

arter'es.    247 

auricles,  228 

causes  of  sounds.  244 

chanRos  in  shape  and  position.  233 

chordse   tendinose.   225 

course  of  blood  in,  229 

diphasic  variation  of,  593 

effpcts  of  drugs  on,  271 

endocardium.  225 

foramen  ovale,  222 

foramina  Thebesii.  222 

fr'Hjiiency.  248 

ganglia  of.  251 

H's'r  muscular  bundle.  256 

histology  of.  226 

innprvation  of.    251 

lymphatics   of.   222 

minimal   stimuli,  272 

moderator  center.  261 

movomonta  of,  231 
to  clinicians,  231 
prrsistence  of,  241 

muscles  of,  221 

museuli  pectinati,  222 

myocardium.  224 

nerves  of,  260 

nutrition  of,  247 

papillary  muscle,   224 

position  of  valves,  245 

refractory  period  of,  273 

revolution   of.   234 

rhythm  of.  252 

sinus  of  Valsalva,   225 

size  and  shaoe  of,  221 

sounds  of,  242.  243.  244 

stair-case  contraction,  273 


Heart,  Stanniua's  experiments.  272 

stimuli,  272 

structure  of,  225 

sympathetic  fibers  to    269 

valvea  of,  226 
mitral,  225 
position.    246 
semilunar,   226 
tricuspid,   224 

ventricles  of.  229 

work  of.  249 
Heat  (see  temperature). 

animal.  506 

estimation   of.   613 

latent,  607 

other  sources,  608 

radiant,  607 

theory  of,  607 
Heat-spots,   733 
Heat  value  of  food,  500 
Heat  unit.  613 

calorie,  613 

calorimeter,  514 
Height,  relation  to  lung  capacity.  854 
Helicotrema,  766 
Heller's  nitric  acid  test.   4ri8 
Hematoporphyrin.   191 
Hemianopsia,  818 
Heldenhain's  lymphagogues.   162 

theory  of  secretion,  162 
Hensen's  cells,  757 
Hensen's  disk,  632 
Heredity,   867 

Herlng's  theory  of  color,  807 
Hiatus.  766 
Hibernation.  610 
Hiccough.  378 
Hippuric  acid.  449 
formation  of.  449 
where  secreted.  449 
His's  muscular  bundle  of  heart,  256 
Histology.  3 
Histones.  38 
Hoarseness.  572 
Hormone,  80.  101 
Horopter.   803 
Hunger,  1.32 
Hyaloplasm.  9.  596 
Hydrapmia,  211 
Hydrochloric    acid,    75 
Ion  theory  of,  77 
stimuli    for    secretion,    77 
test  for   (Gtinsberg).   87 
Hydroxaroino  acids.  108 
Hvpermetropla,  796 
Hyperosmia.  747 
Hyperphoria,   811 

Hyperpyrexia,  cause  of  death.  627 
Hypoblast.   855 
Hypoglospal   nerve.  840 
anastomoses,   840 
origin,   840 
pathology.  840 
physiology.  840 
Hypoxauthin  in  urine.  450 

lONOTIN.   40 

TleocsBcal   valve.  93 

Ilium,  89 

Image,  formation  on  retina.  803 

Immunity.  213 

Inanition  or  starvation.  49.5 

Incus.   753 

Indican,  453 

test  for.   453 
Indigestible  residue  of  fspces.  190 
Ind'rert  oell-dlvfs'on.  20 
Indol.   128,    130.   453 
Inferior  vermiform  process.  6W 
Infundibulum,  342 
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Inheritance,  867 
Inoculation  (see  Immunity). 
Inorganic  salts  of  fsBces.  130 
Inoslte,   643 
Insallvatlon,  58,  63 
Inspiration,   346 

expansion  of  chest  in,  348 

extraordinary,  349 

movements  of,  348 

movements  of  blood  In,  368 

muscles  of,   348 
Inspiratory  center.   365.   682 
Intensity   of  sound,   563 
Intermedio-lateral  column.  615 
Intermittent  afflux  apparatus,  286 
Internal  capsule.  654 
Interpedunculear  space,  637 
Interstitial   slite.    154 
Intestinal   digestion.   126 
Intestine,  89,  93 

blood-supply,  92,  93 

coats,  90,  94 

digestion   in,  126 

gases,  129 

glands.  93 

large.   93.  94 

length,    89 

movements  of.  94 

nerve-supply  of,  96 

small,  89 

structure,  90 
Intracellular  ferments,  28 
Intraocular  pressure,  790 
Intrapleural  pressure.  859 
Intrathoracic  pre-ssure,  Wi 
Inunction,   164 
Inverted  images,  803 
Invertin,  28 
lodothyrin,  406 
Ions,   136 

necessary  for  solution,  136 

system  of  naming,  136 
Iris,  779 

ciliary  processes,  777 

nerves,    780 

pigment.  780 

reflex.  684.  780 

reflex  movement  of.  780 

uses.  780 
Iron,  27 
Irradiation.   808 
Irritability  of  muscle,  639 

of  nerve,  732 
Ischuria.  442 

Islets  of  I^angerhans.   99.   106 
Isotonic  solution,  140,  178,  275 

Jacobson'r    nerve.    836 
Jaundice,  125 
Jecorin,   117 
Jejunum,  89 
Juices   (see  names  of). 

Karyokineais,  20 

stages  of.  22 

time  of.  22 
Krrntin.  38 
Kcphir.  42 

KJridnhl  process.   443 
Kidney.  431 

blood-vessels  of,  439 

calyces  of,  35 

capillaries  of.  440 

rapsule  of.   4:^3 

cavity  of.   4^4 

corf^x  of.  4r!6 

extirpation   of.   462 

gen'T.'il  d"srr«ntion   of,   433 

glomcrulcs,  437,  439 
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Kidney,  hilus.  432 

lymphatics.  430 

Malpighlan  corpuscles  of,  439 
pyramids   of  Ferreln.  439 

medulla  of.  436 

minute  anatomy  of,  436 

parenchyma  of,  436 

position   of,   431 

sinus  of,    433 

structure  of,  433 

urinary   tubules  of,   487 
Knee-jerk   or   patellar  reflex,   679 
Krause's  end-bulbs.  729 

membrane,  634 
Kumyss,  42 
Kymograph,  300 
Kyrlnes,  37 

Labyrinth  of  ear.  753 
LAcrymal  gland,  813 
Lacrymal  secretion,  814 
Lactalbumin,  42 
Lacteals.  92.  148.  149 
Lactic  acid,  42,  449 

Uffelman's  test,  87 
Lactic  acid  bacillus,  42 
Lactic  fermentation,  42,  128 
Lactose,  28.  42 
Lamper  eel,  2 
Lamina  dentlculatum,  610 

spiralis,  734 
Langerhans's  cells,  99.  106 
Lantanin,   12 

Lanterman's  incisures,  603 
Large  intestine,  47,  93.  94 
Laryngoscope,  668 
Larynx,  564 

anatomy  of,  564 

cartilages  of.  565 

cavity  of,  668 

condition  of.  568 

muscles  of,  566 

nerves  of,  568 

pathology  of,  572 

vocal  cords  of.  568 
Lateral  chain  theory  of  Bhrlich,  214 
Lateral  columns.  618 
Lateritious  deposits,  448 
Laughing.  378 
Law  of  Pechner.  725 
Laws  of  sensation,  724 
Lecithin.  117 
Lemniscus.  640 
Lens,  crystalline,  781 
Lenses,   798 

Lenticular  nucleus,  661 
Leucine,   103,   107 
Leucocytes.   179 

eoslnophlles.  180 

mononuclear.  180 

polymorphonuclear.  180 

transitional,    180 
Leukocytosis,   180 
Levulose.   28 
LleberkOhn's  glands,  93 
Life  period.  1 

Ligamentum  dentlculatum.  610 
Light,  771 

perception  of,   792 

theory  of.  771 

transmission   of.   771 
Lime  salts  In  metabolism,  487 
Linln.  12 
Lipase,  62 

rovcrslblo  action   of.  62,   103 
Liquor  sanguinis,  166 
L'flpnuor's  tract,   621 
Liver,  109 

antitoxic  function  of,   120 

blood-supply  of,  110 


